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Latest radiographic methods and equip- 
ment are used for the inspection of 
fusion welded joints in boiler drums 
and other pressure vessels. 


Using X-ray photography. 
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Steam Turbine Theory and Practice 
A Textbook for Engineering Students 
By W. J. KearTON, D.Eng., M.I.M.E., etc. A completely revised and 
up-to-date Fifth Edition of this standard work. Illustrated. 640 pages. 
6th Edition. 35/- net. 


Compressed Air in Mining and Industry 
Compiled and edited by SypNeEy H. Nortu. Includes the work of a 
number of specialists, and gives a thorough account of modern appli- 
cations of compressed air in mining and engineering, and in industry 
generally. 52 illustrations. 18/- net. 


Cutting Tool Materials 
By Eric N. Simons. The materials surveyed include high-speed and 
carbon tool-steels, modern alloy steels of many kinds ; tungsten-carbide 
and kindred alloys, etc. Separate chapters deal with butt-welded and 
atomic-hydrogen-welded tools. Illustrated. 21/- net. 


Electric Lifts 


By R. S. Puivips, M.I.E.E. A guide to the various types of lifts, their 
construction and installation, and their inspection and overhaul. 
Illustrated. Third Edition. 50/- net. 


Foundry Practice 
By WILLIAM H. SALMon, Assoc. Met.(Sheffield), F.I.M., and Eric N. 
Simons. This book covers the whole field of foundry practice, from 
the blueprint to quality control, and can be recommended both as a 
practical guide for operatives and as a reliable textbook for students 
taking the City and Guilds intermediate examination. It contains 
numerous questions from previous examination papers, with detailed 
—— and is profusely illustrated with drawings and photographs. 
- net. 


The Works Engineer 


By W. R. J. GrirritHs, M.Inst.F., A.M.S.W.I.E., and W. O. SKEAT, 
B.Sc.Eng., etc. A new and up-to- “date Third Edition of this general 
reference work covering the whole of the maintenance organization. 
Illustrated. 25/- net. 


Transients in Electric Circuits 
Using the Heaviside Operational Calculus 
By W. B. CouLtHarD, B.Sc.(Eng.), A.M.I.E.E., M.A.I.E.E. A 
thoroughly up-to-date book dealing particularly with electrical 
engineering problems. The first section of the book gives the theory of 
lump circuits and the second the smooth circuits or repeated lumped 
circuits. Illustrated Second Edition. 32/6 net. 


Power System Interconnection 
Transmission Problems 
By H. Russtk, Hons.B.Sc.(Eng.)., A.M.I.E.E., M.A.I.E.E. A new 
Second Edition of this book dealing with the analytical and semi- 
graphical consideration of the basic problems underlying the technique 
of modern power system interconnection. 27/6 net. 


Encyclopaedia of Oxy-Acetylene Welding 
By L. J. TrsBENHAM, M.I.Mech.E. A practical work of reference set 
out in dictionary form to give complete and concise information on all 
matters connected with oxy-acetylene welding. It includes valuable 
tables of data required for welding operations. 10/6 net. 
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All the bulkheads of this 16,500- 
ton tanker seen in the course 
of construction at Smith's 
Dock, South Bank, Middles- 
brough, are of the corrugat- 

ed type without stiffening 
bases. Lincoln equipment 
was used in prefabricating 
these bulkheads in 10-ton 
sections, which were then weld- 
ed into position with Multiweld 
and Positionweld electrodes. 
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LINCOLN 


World’s largest manufacturers of arc-welding equipment and electrodes 


LINCOLN ELECTRIC CO LTD - WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 920 
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THE BLUE PAGES 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 





| @ METAL TREATMENT FOR 
. COLD EXTRUSION 


Based upon earlier German 


| work, a new phosphate coating 
_ process has been developed in 


THROUGHOUT 


THE -WORL® 





America which is reported to prove 
extremely useful in the cold- 
working of steel. This phosphate coating can be 
applied by immersion, flooding, or spraying, and 
forms a strong adherent coating which is chemically 
bonded tothe steel. This highly absorbent 
coating is then covered with a special organic 
lubricant which is designed to react chemically 
‘with the phosphate coating, in addition to being 
physically adsorbed and absorbed. The result is a 
_ heat-resistant lubricating surface interlocked with 
the metal and possessing exceptionally high 
adhesion even under the most severe working 
conditions. Successful application of the new 
process to cold-extrusion technique is claimed 
and the process is already in operation on a 
commercial scale in various cold-working plants. 
In the wet-drawing of fine steel wire, the process 


resulted in a 40 per cent increase in the rate of 


production, and despite this speed-up, die life 
was increased 2} times. In dry-drawing of steel 
wire shapes, such as triangle and square wire, 
from round stock, a single application of the 
process is said to, have permitted drawing to 
finished shape without the intermediate anneals 
and recoating required in previous processes. 
In the deep-drawing of steel cartridge cases, 80 
per cent reduction in wall thickness of the metal 
was found possible with a single application of the 
process without intermediate annealing; this 
would represent a 100 per cent improvement over 
conventional methods. 
@ NEW GEL-TIME METER 

During polymerization, fluid thermosetting 
compositions such as monomers, resins and 
varnishes pass through a critical point at which the 
viscosity increases suddenly. The length of 
time required to reach this point of incipient 
gelation is important for both quality control and 
research study. A special gel-time meter has now 
been designed to measure the time required for 
thermosetting compositions to reach this point of 
rapid viscosity change. The device measures 
the gel-time, which is a direct function of viscosity 
drag in the test sample, by means of a rotating 
spindle suspended from a torsional spring. As 
the viscosity increases during the test, an additional 
drag is imposed upon the spindle immersed in the 
fluid, and when the gel point is reached, the 
suddenly increasing viscosity and the corres- 
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ponding drag are employed to close a switch which 
stops the timing mechanism and actuates the 
electrical indicator of the device. This indicator 
gives both audible and visible indication and makes 
it possible to read off the time required for 
incipient gelation to the nearest tenth of a minute. 
During the test, the vessel containing the sample 
is kept at constant temperature in a bath of 
boiling water. 


@ MEASURING CASTING PROPERTIES OF 
ALLOYS 


It is well known that the casting properties of 
alloys: as represented by such factors as mould 
filling capacity and shrinkage, etc., depend to a 
great extent upon the casting temperature. In 
determining these properties, as, for instance, the 
mould filling capacity, with the use of a spiral or 
similar type of mould, the temperature can be 


measured with sufficient accuracy by means of an 
immersion thermocouple where light alloys are 
concerned, but in the case of alloys of higher 
melting points, a much less accurate radiation 
pyrometer must be used. It has now been sug- 
gested to overcome the difficulty of temperature 
measurement by pouring two identical moulds 
simultaneously from a crucible with a vertical 
partition and two pouring spouts. One half- 
crucible will be filled with the molten test alloy 
and the other half with a reference metal. As 
reference metals, pure sublimated magnesium is 
suggested for magnesium base alloys, super-purity 
aluminium for aluminium-base alloys, and electro- 
lytic copper for copper alloys, etc. The mould 
filling or other property of the alloy to be examined 
would then be expressed as a percentage of the 
corresponding property of the reference metal 
in the same way as the electrical conductivity of 
metals and alloys is frequently expressed as a 
percentage of the conductivity of copper. In 
carrying out the test, the test alloy and the refer- 
ence metal are melted separately and poured into 
the compartments of the partitioned crucible, 
the latter then being placed in a holding furnace 
so as to equalize the temperatures of the two melts, 
which are then poured simultaneously from the 
two pouring spouts. It is stated that preliminary 
tests conducted on aluminium alloys have given 
satisfactory and consistent results. 
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Oil fog is a simple method of 
providing efficient lubrication for 
air-operated tools, cylinders and equipment, 
by means of a regulated air-borne oil 
fog. In use in some of the largest factories in England, 
it cuts down wear and tear on tools when working, stops 
corrosion when idle, and operates up to pressures of 250 p.s.i. 


Oil fog coats all internal parts of equipment reached by air 


whatever speed they work at. Write or ’phone for further details. 


C. A. NORGREN LTD., SHIPSTON-ON-STOUR, WARWICKSHIRE. Phone: Shipston-on-Stour 110-106 
Full details from: KENT HOUSE, 87, REGENT STREET, LONDON, W.1. Phone: REGent 295! 
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A39 DIGEST 








THE ENGINEERS’ 







































@ SENSITIVE X-RAY CONTROL 


In the technical application of X-rays for the 
purpose of high-speed automatic flaw detectors, 
it is necessary to detect very small variations in 
X-ray intensity. This is most difficult to accom- 
plish by the employment of highly sensitive 
detecting equipment, as the detector will be 
equally sensitive to slight variations in X-ray 
beam intensity. Thus, where it is not practicable 
to employ a comparative method by using two 
detectors, special equipment is needed to stabilize 
the X-ray source itself, so that the transmitted 
beam intensity is held within very narrow limits. 
The control of X-ray intensity is, however, 
complicated by the fact that X-ray emission is 
proportional to the tube current and to the square 
of the applied peak voltage. The problem is made 
more difficult insofar as in X-ray transformers the 
wave-form is distorted and, because of the 
radiation absorption in the material examined, 
only the higher values of X-ray tube voltage are 
effective in determining the intensity received by 
the detector. A small change in X-ray tube 
voltage may thus cause as much as a tenfold 
change in the intensity recorded. The detecting 
element of the stabilizing device must therefore be 
X-ray sensitive with the same amount of filtration 
between it and the X-ray source as is produced by 
the object to be examined. The problem was 
solved by using a stabilizer bridge circuit. con- 
taining a semi-conductor of the cadmium-sulphide 
type, in which a change in beam intensity received 
causes a change in control current proportional 
the square of the change in intensity. This system 
should be capable of application to a great many 
control problems in this field. 


@ HIGH-VELOCITY BURNER 


A new type of high-heat release oil burner 
developed for industrial use is claimed to achieve 
rates of heat liberation which, in most cases, are 
well in excess of one million B.Th.U.’s per hour 
cu. ft. of combustion space. The oil is admitted to 
the burner through a standard pressure atomizing 
nozzle, but is vaporized and premixed with 
combustion air before the combustion process 
takes place. This is achieved without the use of any 
external vaporizing mechanism by providing an 
annular chamber within the burner proper, the 
chamber being so designed that because of the 
differential pressure created, a recirculation of 
gases from the burning zone in upstream direction 
through the recirculating chamber takes place. 
This produces a combination of mixing and heat 
transfer so that the atomised oil is vaporized by 
the time it reaches the downstream face of the 
recirculating chamber where burning commences. 
Combustion does not, therefore, take place in the 
mixing zone because the prevailing velocities are 
higher than the rate of flame propagation. Flame 
stability is said to be such that a blow-out is 
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virtually impossible within the limits of con- 
ventional pressures. Owing to the short flame 
produced, the usual combustion chamber or 
furnace can be dispensed with. Mixing is claimed 
to be so thorough that even with liquid fuels the 
burner can be operated with a supply of com- 
bustion air below the theoretical minimum required 
for complete combustion. This makes it possible 
to use the burner both as a source of heat and as a 
generator of special atmospheres. 


@ RESEARCH ON RECTIFIERS 


Static rectifiers of the copper/copper-oxide 
type are finding a continually widening field of 
application and usefulness. There is little doubt 
that their use could be increased still further if 
certain inherent limitations of this rectifier type 
could be overcome. One of these limitations is the 
maximum voltage which each copper/copper-oxide 
surface can efficiently handle. Also, progressively - 
larger plate areas are required to carry large 
currents in order to keep down the temperature at 
the interface. There is also the problem of 
atmospheric conditions, although the rectifier is 
relatively stable under varying conditions. A 
recent attempt was directed at producing an 
improved rectifier of this type which would 
permit operation at higher voltage and current 
densities and higher temperature, and which 
would be impervious to atmospheric moisture. 
Rather than oxidising a pure copper surface to 
produce an interface between the metallic copper 
and the cuprous oxide, the copper was coated with 
a thin layer of a porcelain enamel. The latter 
contained a certain percentage of finely powdered 
Cu,O, thus producing an interface between the 
metal and a semi-conducting enamel. Copper- 
plated sheet steel disks covered with the enamel 
were fired at 1400° to 1450° F, and a contact on 
the top surface of the enamel was then produced 
by applying a very thin coating of silver. While 
a satisfactory rectifying effect was fully established, 
consistent results could not yet be obtained, but 
it was found that with enamels containing above 
60 per cent Cu,O, a voltage of 300 volts d.c. could 
be carried, and this result alone would appear to 
justify further research. 


@ EVAPORATION COOLING OF 

TRANSFORMERS 

It is no exaggeration to say that basic changes 
in transformer cooling technique have not taken 
place since the introduction of the oil-filled 
transformer some sixty-odd years ago. There is 
no doubt, however, that from the aspect of 
efficacious heat removal, vaporization cooling 
would be far superior to the old established 
methods. ‘The new process would, of course, 
require the use of a liquid with a suitable boiling 
point and latent heat of evaporation, while its 
vapour would need to possess satisfactory di- 
electric characteristics. Noteworthy efforts are 
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FAN POWERED VENTILATOR 


EASILY FITTED TO ANY ROOF 


STANDARD SUPPLY 


18” FAN 400 V. 3 ph. 50~. 


3900 cfm 


£27/5/- EX WORKS 


Subject to current raw material prices. 





ALUMINIUM BODY—COMPLETELY WEATHERPROOF 


Full Particulars on Request 


DUST FUME AIR CONDITIONING 
VENTILATING PLANTS. 


INDUSTRIAL FAN & HEATER 
COMPANY LIMITED. 


EVELYN ROAD :— SPARKHILL 
BIRMINGHAM II. 


Telegrams: AIRFLO., Telephone: VICTORIA 2277/8/9. 


Northern Area 
22 CITY BUILDINGS, 69 CORPORATION ‘ST., 


MANCHESTER 4 


Telephone: BLACKFRIARS 6918 





Infinitely Variable 
Torque Conversion 





in its simplest form 





Brockhouse Hydraulic Torque Convertors 
can be applied to a large range of trans- 
mission requirements — from motor 
vehicles to industrial drives of various 


types. 


Recent applications in the automobile 
field comprise a simple 3-member torque 
convertor, combined with a completely 
automatic 2-speed gearbox, torque and 
speed responsive. 


You are invited to write to the manufac- 
turers for details of Torque Conversion 
transmission systems suitable for your 
specific requirements. 


A 


(BROCKHOUSE ) 
PRODUCT 


BROCKHOUSE ENGINEERING 


(SOUTHPORT) LTD. 








CROSSENS SOUTHPORT LANCS. 


London Office: 25, HANOVER SQUARE, W.1 
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now under way to evolve a vapour-cooled and 
vapour-insulated transformer with the use of 
fluorocarbons, the transformer tanks and the 
coolers constituting a hermetically sealed system. 
Instead of completely filling the transformer tank 
with liquid, only a small amount of fluorocarbon 
fluid is used which is stored in a sump at the 
bottom of the tank. An electrically driven pump 
forces the liquid fluorocarbon to a nozzle or nozzles 
which spray the liquid directly on the core and 
coils of the transformer. A certain amount of the 
liquid will then be evaporated by the heat given 
off by the transformer, and the balance of the 
liquid will drain back into the sump. The vapours 
formed will then come into contact with the 
cooling surfaces provided, where they condense 
and thus yield the heat absorbed from the trans- 
fomer parts, while the condensed liquid flows back 
to the sump. The vapours which fill the space 
inside the tank serve to insulate the transformer 
in the same way as oil insulates an oil-filled trans- 
former of conventional design. 


@ COMMUTATOR SEGMENTS PRODUCED 

FROM COPPER POWDER 

A recently published patent describes the 
manufacture of commutator segments by a 
powder-metallurgical process. In this process, 
copper powder or copper-oxide powder of between 
100 and 400 mesh is mixed with graphite powder 
and stearin, and the mixture is compressed to the 
required shape in a mould. The compact thus 
obtained is then sintered in a protective atmosphere 
and then again pressed in a mould to adjust the 
size and to work-harden the product. For larger 
segments, silica and/or beryllium powder may be 
added in order to increase tensile strength and 
hardness of the product. The stearin, of course, is 
added in order to reduce the wear on the forming 
tools. In a typical process of this kind, an elec- 
trolytic copper powder of 100 mesh and finer is 
mixed with 2 per cent graphite and } per cent by 
weight stearin and pressed to shape at 20 tsi pres- 
sure. Sintering is effected at 950° C for 15 
minutes in a partially burnt town gas atmosphere. 
After cooling, the segments are die-sized at a 
pressure of 15 tsi, producing a hard finished 
segment of accurate size ready for immediate 
assembly into a commutator. Copper oxide 
powder may be substituted for the copper powder. 
It is claimed that this process of segment produc- 
tion is inexpensive and that the wearing qualities 
of commutators assembled from these segments 
are enhanced by the lubricating properties of the 
graphite incorporated in the metal. 


@ ELECTROPHORETIC COATING OF 
ELECTRICAL CONDUCTORS 
_ Arecent invention aims at producing a durable, 
highly flexible electrically insulating coating of 
refractory material on electrical conductors. The 
invention is claimed to be based upon the discovery 
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that electrophoretically deposited refractory par- 
ticles can be made to form a flexible and adherent 
coating without high-temperature firing by adding 
a binding or modifying agent to the refractory 
clay mixture. Water soluble silicates such as 
sodium silicate are claimed to be particularly — 
suitable modifying agents. After application, the 
coatings are then made water-insoluble either by 
heating or by immersion in a solution of a metal 
salt, such as lead acetate. Flexibility and dura- 
bility of the coating are then further improved by 
impregnating the pores of the coating with a 
resinous material. This treatment is claimed to 
produce the very surprising effect that a wire 
coated in this manner becomes more flexible 
than it was prior to the application of the refractory 
coating. The resins are preferably deposited from 
emulsions by electrophoresis, which causes the 
resin to fill the pores of the refractory coating. 
Highly satisfactory results can also be obtained by 
merely passing the refractory coated wire through 
solutions or emulsions of substantially monomeric 
material, such, as vinyl carbazole, which is then 
polymerized in situ. Wires treated in this way 
may be used for all purposes where insulated wires 
of the conventional types are now employed as 
electrical conductors. But the process can also be 
applied to wire fences, household screens, and 
generally all articles where a weather-resistant 
coating is required. 


@ NOVEL OXYGEN ELECTRODE 


In the measurement of pH values of solutions, 
the use of the hydrogen electrode is a well known 
feature. For a considerable time past, efforts 
have been made to produce an oxygen electrode in 
the form of a reversible gas electrode. It is now 
reported that the problem has recently been solved 
and that oxygen electrodes of the required charac- 
teristics can be constructed. These electrodes 
operate on the principle of the diffusion-gas 
electrode, that is to say, they consist of a porous 
carbon tube, into the wall of which oxygen can 
enter and diffuse to the reaction zone proper. 
These electrodes are employed in alkaline solution 
as reversible oxygen-hydrogen peroxide electrodes. 
The electromotive force according to the Nernst 
equation is a function of the oxygen partial 
pressure and the hydroxyl-ion activity. The 
permissible continuous loading of the new 
electrode is given as 100 milliamp. per cm?’ 
surface in the case of oxygen supply and 20-30 
milliamp. with air supply. The most important 
immediate application of the new electrode 
appears to lie in the determination of the oxygen 
content of technical gases, where its measuring 
range is claimed to extend from 100 per cent 
oxygen to some 0°0001 per cent oxygen. It 
is reported that measuring instruments embodying 
the new electrode have already been in successful 
operation in commercial plants. Instruments 
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We have pleasure in announcing that we are 

now producing gyro balls and bearings. We 

are also producing miniature steel balls .003” 

in diameter in addition to our present range of 

Grade A25 and Grade Al balls. 

Synthetic sapphire, ruby and agate balls are also 
produced in similar sizes and grades. 


For particulars please apply to our Selling Agents at the 
following address : 


(NM > Bs n// 


2 BALFOUR PLACE 


MOUNT STREET - LONDON W.1 


Telephone : GROsvenor 3155. Telegrams: Britmanbea, 
Audley, London. Cables: Britmanbea, London 



















All our products are entirely of British manufacture and are 
fully A.I.D. approved. 
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ROLLING SHUTTERS ARE PLEASING IN APPEARANCE and are 
constructed to suit individual requirements. They give maximum 
accessibility with efficient performance, and when closed form 
Illustrations and quotations permanent security. Suitable for all sizes of openings. Manual 

on request. or power operations. Please write for technical assistance. 
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incorporating this electrode are claimed to be 
lower in cost than the conventional types of 
instruments relying upon measurement of the 
paramagnetic properties of oxygen. Another 
interesting application of the electrode is its use as 
component in a primary element of exceptional 
stability. 


@ PROGRESS IN GRINDING MILL DESIGN 


The study of mechanical disintegration 
processes employed for the production of powders 
is a task of considerable difficulty because of the 
numerous factors involved ; among these factors, 
that of mill design is, of course, of outstanding 
importance. From this aspect, a recent investi- 
gation of mill characteristics is of particular 
interest, especially as it was conducted on a cutter- 
type mill designed to pulverise the material 
mainly by the shearing forces of the cutter teeth. 
In this mill, a set of toothed circular cutters of 
approximately 3 in. diameter is rotated at a speed 


of 4,000 rpm. From tests conducted on various . 


metals it was found that the grinding process 
actually consisted of two stages. In the initial 
stage, the cutter action produced a powder of 
approximately 75 mesh, while in the second stage 
the mutual friction between the particles led to the 
production of a fine powder of 300 mesh. It goes 
without saying that in grinding mills of every 
description, the friction effect produces a con- 
siderable rise in temperature of the product. While 
in the case of metals, such a temperature rise is of 
no great importance, this is not the case where 
the grinding of organic substances is concerned, 
especially where the harmful effects of oxidation 
must also be considered. According to thé claims 
of a recent invention, such materials can be ground 
without harmful effects with the use of a mill 
filled with steam under pressure, produced by the 
friction heat from water injected into the mill. 
Appropriate steam pressure is maintained by the 
provision of a relief valve controlling the escape of 
steam from the mill. 


@ AUXILIARY ELECTRIC BRAKE FOR 

LORRIES 

In view of the increased loading capacities and 
travelling speeds of modern lorries, the provision 
of effective brakes is a matter of paramount 
importance. In order to increase braking capacity 
and to relieve the friction brakes of the vehicle on 
long gradients as well as to increase braking effect 
in general, an auxiliary brake based on the 
electromagnetic eddy current principle has been 
developed which can be fitted into the transmission 
of existing vehicles. Its braking action greatly 
increases with the speed, while it completely 
disappears when the vehicle is at a ‘standstill. 
The housing of the brake is provided with ample 
cooling ribs so that an effective heat dispersal is 
safeguarded. Braking action is simply adjusted by 
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controlling the electric current supplied from the 
battery to the stationary electromagnet system of 
the brake. A special type is built for cases where 
effective braking action at speeds from 3 to 10 
miles per hour is required. According to the _ 
size of brake fitted, the load on the battery will 
amount to 2 to 10 ampere hours in regular 
operation, while with sudden or emergency 
application of the brake, from 27 to 100 amp. 
hours at 12 volts will be required. Considering 
the fact that reliability of the brake is dependent 
upon that of the battery, and that an additional 
brake necessarily complicates operation, it would 
appear doubtful whether a widespread introduc- 
tion of the new system can be expected. But there 
may, of course, be a few special cases where an 
additional brake of this type may prove useful 
insofar as it reduces the maintenance cost of the 
friction brakes and particularly in mountainous 
regions this may prove a real boon. 


@ SEALING CEMENT FOR THREADED 

CONNECTIONS 

For the purpose of making threaded con- 
nections in pipes oil-tight, thread cements are 
usually employed. Most of these cements, how- 
ever, contain solvents which gradually evaporate, 
so that the base material contracts, with the result 
that the cement becomes porous. Subsequent 
tightening of such a joint will lead to rupture of 
the seal originally formed by the cement. Since 
the cement has no self-sealing action and cannot 
therefore restore the seal, oil can then work its 
way slowly past the threads. A firm of manu- 
facturers claims that this difficulty has now been 
overcome by the development of a thread cement 
which swells when coming into contact with oil 
and is, therefore, self-repairing. This volume 
expansion of the new cement is due to the presence 
of small particles of synthetic rubber which are 
suspended in a resin. The latter is simply a 
vehicle for the rubber and does not chemically 
react with it. The synthetic rubber is specially 
selected so as to give the correct degree of volume 
expansion when coming into contact with oil, 
thus producing the required sealing action by 
filling the voids between the threads. If the 
joint is subsequently tightened and the seal 
therefore disturbed, further seepage of oil into 
the threads will result in still more expansion so 
that the joint is sealed anew. It is claimed that this 
process of re-sealing can be repeated a number of 
times before the swelling capacity of the cement is 
exhausted so that leakage cannot any more be 
prevented. 





— 
For further information on developments 
reviewed in THE BLUE PAGES, readers 

are invited to write to the Editor. 
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Wall thicknesses from }” to 2” Neat in finished appearance 


REGLASS ... 


For structural, heat and cold insulation. Sound-deadening. Acoustic correction. Porous membranes for pipe wrapping, flooring, 
roofing. Battery retainers and air filters. In textile form for electrical insulation and flameproof decorative fabrics. 
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1951 Design Congress 


THE first international Design Congress organised 
by the Council of Industrial Design was held in 
London on September 19th and 20th. Leading 
industrialists and business executives from this 
country as well as from the Continent and the 
U.S.A. discussed the theme “ Design policy 
within industry is the responsibility of high-level 
management.” From the many interesting and 
sometimes controversial papers presented at this 
meeting, we quote below some of the opinions 
expressed, because it is felt that a greater appre- 
ciation of the scope of industrial design would 
greatly contribute towards facilitating the export 
effort of British industry in the difficult times 
ahead. 


Discussing the Company’s obligation to the travelling 
public, the speaker said, “‘ For our own part, we cannot 
believe that it is right to fill an up-to-date vehicle such as 
a ship—in which every curve has been religiously 
studied and mathematically selected—with ill-assorted 
and disunited material. The public sets itself variable 
yardsticks of taste, and while it would be sensitive to 
‘a tubular stainless steel baldachino ’ in St. Paul’s over 
the high altar, yet the same community is so far less 
ready to feel a similar repulsion for baroque furnishings 
in a twentieth-century welded steel ship.” (Sir Colin S. 
Anderson, Director of Anderson, Green & Co. Ltd., 
Manager of the Orient Line.) 

** In the schedule of planning our products, appear- 
ance design works with enginee1ing before the mechanical 
design is frozen, so as to get the best location of controls 
and operating features from the user’s viewpoint. 
Under the stimulus of appearance design, basic structural 
changes may be indicated which make for a harmonious 
appearance. It has often happened that a structure 
is worked out which is both new and economical as the 
result of the engineer’s search to find a new technique 
to accomplish both objectives. Harmonious co- 
ordination with engineering and the exploring of all 
approaches makes possible the most favourable relation- 
ship of forms and components for getting the best 
appearance.” (A. N. Bec Var, Director of Design, 
Major Appliances Dept., General Electric Co. (U.S.A.).) 

“ There is a clear distinction between European and 
American automobile design; on one side of the 
Atlantic it tends towards standardisation, and on the 
other towards diversity and a wide choice of models. 
In both America and European countries, therefore, 
high-level management in the automobile industry, 
with a wide range of production possibilities, has to 
face the same problems in the selection of design, but 
the responsibility of the organisation for the project is 
met in different ways. 

In America it is generally accepted that to increase 
sales appeal without the assistance of the industrial 
designer is impossible—aesthetic demands have become 
just as important as functional features. The styling 
section alone of a prominent automobile firm may 
include engineers, artists, model makers, skilled crafts- 
men in wood and metal work, by the hundred. 
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In Europe, however, the problem of design selection 
is very different. An output of some four hundred 
vehicles a day is not sufficient to allow the cost of 
machinery to be written off in a short time, and hence, 
to maintain costs within reasonable limits, any one 
model is expected to continue in production for many 
years. The decision to produce a new model generally 
entails a change of the machinery almost in its entirety 
and it is highly desirable to select a completely new 
design which will hold the market successfully for ten 
years to come. Vast expenditure on research is not 
possible as it would prove an excessive burden on 
production costs, but since there is no need to alter the 
models in production every year to meet market require- 
ments and the demands of fashion, the work asked of 
the technical branch is not comparable with that 
required in America.” (D. Guiacosa, Director of 
Engineering, S.A. Fiat (Italy).) 

** One function of industrial design in industry is to 
stimulate the improvement of the product, not only in 
its external appearance, but in its other aspects :— 
simplification, better construction, increased efficiency. 
Besides that, a good design does much to increase a 
firm’s goodwill. It excites reactions that are not 
attainable in any other way—not by quality, not by 
price, not by words.” (W. H. Gispen, Founder and 
former President, Gispen’s Fabriek voor Metaalbewerking 
N.V. (Holiand).) 

‘** The customer, representing the majority taste, is 
the final arbiter of good design. ‘ Without guidance, 
the majority taste may reject what is new, simply because 
it is unfamiliar. On the other hand, the minority taste, 
which may be that of the specialists, must not develop 
into intellectualism. There would seem to be need 
for education,’ and ‘ industry has a rdle to play in the 
educational process’ . . . The production and sales 
section of an organisation must exercise forbearance and 
understanding, lest a good design be condemned because 
it is possibly more difficult to make or more difficult 
to sell.” (H. Hartley, Chairman of Radiation Ltd.) 

** Industrial design means more than ‘the mere 
aesthetic or commercial frills sometimes employed to 
give one’s product a pleasant shape or appearance.’ 
It should be rooted not merely in the organisation of 
industrial firms but in the nation’s culture as a whole. 
The first half of this century displayed ‘ amazing 
technological progress,’ but this was a restless develop- 
ment without any lasting style. By consciously 
promoting good industrial design, we can help to shape 
the character of present-day society and ‘give our 
century a face and a soul.’” (A. Plesman, President, 
K.L.M. Dutch Airlines (Holland).) 

‘** There are two views about public taste—one says 
* give the public what it wants (that is, what it has been 
having),’ and the other says ‘ let’s try something new.’ 
I still have not proved to my own conviction that 
public taste in general is way ahead of the average 
manufacturer. Does the public know what it wants ? 
Does not its very inarticulateness denote a basic 
indecision, . . . or an open mind ? It is passively 
receptive, but it has a few preferences and prejudices 
which research discloses.” (W. T. Wren, Director of 
Allied Ironfounders, Ltd., and Managing Director of Aga 
Heat, Ltd.) 
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RUSSIA 


Heat Exchange by Radiation in the Presence of an Absorbing 
Medium 
By S. N. SHoRIN. (From Izvestiya Akademi Nauk, No. 3, 1951, pp. 389-406, 6 illustrations.) 


The author introduces the equations of radiation in space in a very general form. largely borrowed from 

astro-physics. In simplified form, these equations can be applied to the radiation process in industrial 

furnaces, where other processes of heat exchange must be considered in addition. The theory is applied 

to the analysis of heat exchange in a simplified furnace model consisting of a plane-parallel layer of 

moving, absorbing medium between a radiating surface and a cooling surface. Finally, analytical results 
are compared with empirical methods to evaluate heat transmission in industrial furnaces. 


HEAT exchange by radiation in the combustion chambers 
of boilers and furnaces usually takes place in the 
presence of a burning, radiating, and moving medium. 
In general, this medium consists of the gaseous sub- 
stances CO,, H,O, SO,, O., as well as H, CH, CnaHm 
always diluted with ? parts of nitrogen (by volume). 
Furthermore, according to the nature of the fuel and the 
method of its combustion, the flue gas may include 
admixtures of solid fuel particles such as tar and ash. 
Each individual component of the flue gas in a boiler or 
furnace possesses its characteristic properties of 
radiation absorption. 

The most complex absorption distinguishes the 
gaseous components of the flue gas, such as CO, and 
H,O. Although the absorption spectrum of these 
gases has been studied a long time ago, data on the 
frequency distribution of absorption coefficients are 
incomplete and the determination of the integral 
absorption is greatly complicated by a strong selective 
effect. The flame of tar-containing fuels (incandescent 
flame) and the combustion products of coal full of soot 
and carbon particles have a weak selective effect. 

In this paper, we do not deal with the determination 
of absorption coefficients of the different components of 
the heating medium, nor with its total absorption, but 
are concerned first with the foundations of the theory 
of heat exchange by radiation in an absorbing medium, 
and subsequently discuss some of its applications. 


1, THEORY 


The transfer of radiation energy in an absorbing 
medium constitutes a complicated process of trans- 
mission through a chain sequence of absorption and 
re-emission. Such a transmission of energy along the 
direction of an elementary pencil of radiation is described 
by the equation : 


—di, | k’ pdlI,y— 7’ pdl a (1) 
which represents the following physical relationship : 
| transmission 


of radiation = absorption — re-emission 
energy 


In this equation, /, is the intensity of radiation in the 
direction / regarded in the general case as a function of 
the frequency of radiation v, of the direction of radiation 
/ and of the position within the medium ; k’ and 7’ 
denote respectively the mass coefficients of absorption 
and emission of the medium, which are functions of the 
frequency of radiation v and the temperature T ; 
p is the density of the medium. 


The author defines a vector of radiation flux 


q = | 17d ee Re (2) 


4n 
where / is the unit vector in the direction of the ele- 
mentary solid angle dw. 


In general, the vector q,, like the stress in an elastic 
body, can only be represented as the divergence of a 
symmetrical tensor. 
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In circumstances prevailing in most practical cases in 
engineering characterised by a medium of sufficient 
optical density (k/) at a substantial distance / from the 
radiation-absorbing surface, the vector g, can be more 
simply represented as the gradient of a scalar quantity cv, 
in which c is the propagation velocity of radiation and 
v is the volume of density of radiation energy. 

= 1 
qi = — grad (cU) ae si (3) 
3k 


The equation of energy balance at any point of the 
combustion chamber in a stationary state and, neglecting 
energy dissipation, the work of pressure forces and 
gravity can be presented as follows : 


4n k ly — | kI,dw — — div (c, y dw) 
4n 
div (A grad 7) qi «» (4 
which corresponds to the equality 


resultant radiation | _ | heat transmission 
in unit of volume by convection 


molecular heat flux of 
transmission heat sources 
where J; is the intensity of black radiation at temperature 


T, c, is the specific heat at constant pressure, y is the 
ratio of specific heats, w is the velocity of the medium, 
and A is the coefficient of molecular heat conduction. 

The left-hand side of eq. (4) can be transformed in 
the following manner 


teh by — | bide 4k#—kcU 


4n 
where 3 = 7 I; = 4°9(T/100)! is the surface density of 
black radiation. 
The substitution of this transformation yields the 
following basic equation of energy balance 
cU = 4k8 + div (c, y Tw) — div (A grad T) — q; 
The author then derives the boundary condition 














cUr, 
@(cU) ; 
1 c 
asec = (5) 
4k on dr 1 1 
a 2 


where the magnitude cU; is the volume density of 
radiation in the medium at the boundary with the cooling 
wall and, on condition that the sources of heat are 
ineffective at the boundary, are found from the following 
expression. 


cUp = 49¢ + div (c, y Tw)r — div (A grad T)r (6) 


The subscripts F refer in every case to the conditions 
at the radiation-absorbing (cooling) wall of the system. 
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2. HEAT EXCHANGE BY RADIATION IN A 
PLANE-PARALLEL LAYER IN THE PRE- 
SENCE OF A MOVING AND ABSORBING 

MEDIUM 


Let there be two bodies with plane surfaces of infinite 
dimensions. From the direction of the radiating body, 
representing, for instance, a layer of burning fuel, a 
radiation-absorbing medium flows along the normal to 
the surface with a velocity w,. This medium penetrates 
through the radiation-absorbing body, which is either 
provided with narrow channels (boiler with flame tubes, 
Fig. la) or consists of bundles of cooling tubes (water 
tube boiler, Fig. 1b). The surface temperatures of the 
two bodies are held at constant levels of T, and T,, the 
emissivities of the two bodies are a, and a, respectively, 
and it is assumed that there are no sources of heat in the 
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space between the two bodies. It is required to deter- 
mine the heat transmission by radiation from one body 
to the other. 

Under the conditions of the given problem in the one- 
dimensional case, the differential equation of heat 
transfer, if the molecular conduction of heat is neglected, 
can be expressed in the following form 


ee a°*T dT 
a a i, a ewe 8 86(fT 
3kdx* 3k dx* dx 


To remove the non-linearity of this equation with 
regard to temperature, we shall perform the following 
transformation. 

Since di/dT = 49/T, 

ar Wc, T dd 
Wy) Cy —— = _ 
dx 43 dx 

The nature of temperature variation in the 
radiation-absorbing plane-parallel layer determined by 
the circumstances of our problem allows us to neglect 
d*T/dx* in comparison with dT/dx without noticeable 
error, and equation (7) can be simplified into the 
following expression 








d*h 3 tec, 7 ae 
—_ -— - —=0 ae (8) 
a 4 4d dx 
a*T aT 
We may point out that the assumption — < — in 
dx’ dx 


the case of non-vanishing resulting space radiation 
(4k38—kcU £ 0) is equivalent to the assumption that 
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the vector of radiation flux can be expressed by 
4 dé 


4i.2 = —--- —, an expression which signifies local 
3k dx 
equilibrium of radiation. 


3 woc,T 

Let JJ = - 

4 

mission which represents the ratio of heat energy 

transferred through a unit of surface area by the moving 

medium to the energy of radiation transmitted through 

the same surface during the same time interval, in all 

directions, by a black body at a temperature JT. By 
means of this parameter, equation (8) becomes 





be the parameter of heat trans- 


d?} dd 
— —kiIT—=0.. «- @&) 
dx? dx 


The integration of this equation can be written in the 
following form : 
kilx 
$= C, + Ge ae a (9) 
Applying the boundary conditions 
at x=0,80 = C, + C, 


kil 
and at x=1,8°=C,+ Ge 
we find # — 3’ = C1 — rs, 
Pa — o”’ wy eins o”’ 
Cc, = ——-, andC, = 3’ — ————_ 
1— el ee i: 
Consequently, the solution of eq. (9) becomes 
1 ae eh ex 
3, = #¥ — (# — #’) —— .. 09 
p— el 


The boundary condition at x = / can be expressed in the 
following form (see eq. (5)) 












































(cU)x=1 
ee ae 
1 d(cU) + 
——= = (10) 
4k dx x= l/a, — $ 
where 
if dd 
(cU)x=1 = 40x=1 + —| — 
k dx x=l 
ee 
tT a 3 and 
d(cU) dd IT” | d*3 
— $m — 
dx x=l dx x=l k dx* x=] 
Carrying out the differentiation and substitution, we 
obtain 
—kil’l 
l1—e 
ov —9’ =(8"—8 
lai _— 1?) IT’ 
“[E-M-SS 
@ 2 + 4 


(11) 
The heat transmission by radiation at the boundary 
is expressed by 





(cU)x=1 
4 2 o”’ a d, 
graa = = (12) 
1 1 (- -) 1 
ae algae —- ——}| + ——__— 
@, 2 a, 2) mW’ + 4/0" 
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or qra = «(07 — 8%) 1.  .. (12) 


1 1 1 
ae 
as 2 TT’ + 4/IT’ 


1 1 
St eek, ee i/(- -;] orata, = 1, <= 2 
2 


a2 


1 1 
at. 2? 6; 4 i/(- -;) orata,=1, e=2 
as 2 


Between J7’ = 0 and JI’ =o the nominal 
1 1 

emissivity « < l / (- --) depends on parameter 
as E 


II”. The minimum value of « is obtained at JJ’ = 2 


1 1 
and becomes ¢«min = i/(- _.) 
as 4 


orat a, = 1, emin = 1°333 
and at a = 0°85, €min = 1:08 
Table I gives the values of the nominal coefficient of 








obtained in its application to two radiators of different 
characteristics. 
(a) Radiator with given temperature. 

If the temperature at the surface of the radiator is 
given, then with the known value of 3, we find from eqs. 
(11) and (15) the final value #” in the following form 

3, + BU — A)d, 
o” = i «sa 
1+ B—AB 


[g-9e-D-4 


— ef Vag | 





where 





1— eae! 


1 1 iT Hr’ 
1’ (--5)(2 r—) -| 
ay 2/\. 4 4 


By means of the substitution of the value of 9” into 
the equation of heat transmission 


q = «(8” —9,) 











emissivity « for different values of parameter /7’’. we find that 
= 
TaBLe I. q = —————— (9, — 2) as (38) 
i =0 (0-05 | 0-1 | 0-25,05 | 1 2 6 1+ B— AB 
a=lje=2 | 1-95 | 1-91 | 1-78 1-62 | 1-43 | 1-33 | 1-43 | 1°54 For a stationary medium in the plane- 











£45 | 1-45 | 1:36 1-26 | 1-14 1-08 


| 1:14 | 1-21 


parallel layer, the parameter JJ = 0 and 
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1 1 
es 
e iP Na 2 








l 
= 0 | 8 50 

} ] ‘ * ° 
a= 15 es | 1°62 | 1-68 | 1-77 | 1-82 | 1°88 | 1-92 2 Resolving the indeterminateness (0/0) of 
aT Teo Glo Ieee be ee meme mee —— A and B thus obtained, we find 





The boundary conditions at x = 0 is written in the 




















form 
(cU)x 0 
1 | d(cU) : 4 
——— = ——..... (14) 
4k dx x=0 1 1 
a, 2 
Il’ {dé 
where (cU)x=0 = 4H + — |— 
k dx} x=0 
d(cU) dd IT’ { d23 
and — -$ —|—-— 
dx x=0 dx \x=0 RWG AN m0 














Carrying out the differentiation and substitution, 


we find 
1 1 IT’ 2 PG i 
r[G-H-2)-7 
a, 2 4 4 


—_— ek l'l (15) 


The heat transmission by radiation at the boundary 
x = 0 will amount to 


1 || 
x=0 





o, = # — (8 — 8") 





q : = 
rad, x=0 4k de 
y — 9” I’? 
— m(1 “| .. (16) 
= ef 11” 1 4 


Let us examine the solution of the problem thus 
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1 1 1 1 
in (- —=) | and B= a|(- —-) 
a, 2 Qa 2 


As a result of the substitution into the eq. (18) of 
the values for «, A and B at 7 = 0 we obtain 
3, — 3, 
q= .. (19) 


1 1 1 1 
(- - ;) | (- o* ;) had 
a, 2 az 2 


The same expression for heat transferred by 
radiation with a stationary absorbing medium was 
obtained in 1940 by G. L. Poliakoff. 

In the case of a non-absorbing medium in the plane- 
parallel layer k/ vanishes and, therefore, 


o,— 2d, 





q = (20) 


1 


ain 
1 as 


In other words, we obtain the well-known equation 
of heat exchange by radiation between two bodies with 
plane-parrallel surfaces. 

Figs. 2 and 3 show families of curves representing 
the temperature TJ as a function of kx in a plane- 
parallel layer in the two cases of a stationary and a 
moving medium at k/ = 0 

It is seen that in the cases of a stationary and a 
moving medium in the plane-parallel layer, a tempera- 
ture step exists at the radiating surface, the magnitude of 
which depends on the amount of heat transmitted and 
the speed at which the medium moves (parameter//). 
With an increase in the speed of the medium, the 
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Fig. 2. Temperature distribution in a stationary absorbing 


medium. 


temperature step is reduced. The temperature contours 

in the plane-parallel layer are convex viewed from 

above, and the temperature gradient increases with the 

approach to the radiation-absorbing surface. With a 

high velocity of displacement of the medium (/7 > 10), 

the temperature in the plane-parallel layer becomes equal 

to the given temperature of the radiator. 

(b) Radiator with given heat emission. 

If the surface temperature of the radiator is main- 
tained by means of the heat generated in the combustion 
of the fuel, heat transmission by radiation at the 
boundary x = 0 

B 
Yrad — v; (Cp tp— Cyt’) em (21) 
where B = the hourly quantity of fuel burnt in kg/hr or 
in Nm?®/hr ; 
v, quantity of products of combustion in Nm*/kg, 
or Nm?/Nm! ; 

‘, = specific heat at constant pressure of the products 
of combustion between the temperatures ¢ and 7’ 
in kcal/Nm* °C ; 

t, theoretical combustion temperature in C ; 

temperature of products of combustion at the 
boundary of radiating surface in °C ; and 

F,, = surface area of radiator (radiating surface) in m*. 

Equating the right-hand sides of eqs. (16) and (21), 
we obtain an equation for the determination of the 
temperature of the products of combustion at the 
radiating surface. 


IT’? 
IV (1 yi 
B 4 


—v,(c,t,—c,t)=(# —#”) (22) 
F, kl y 





In the same way, we obtain an equation for the 
determination of the temperature of the products of 
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Fig. 3. Temperature distribution in a moving absorbing 
medium. 


combustion at the radiation-absorbing surface : 
B 
—vwv,(c,t,—c, t’) e (6° — &,) ws  @23) 
: 
_ Introducing the mean specific heat of the products 
of combustion in accordance with the equation 


= a Citi —c,t” 

c(t, — t’”’) cp)t,—c,t”’ ore, Oe 
t.—t’ 

eqs. (22) and (23) can be transformed into the following 

non-dimensional form : 


IT’? 
w(. f —) 4 
4 


K,,(@43—0”4) + #@—1=0 = (24) 








Ps a 
€K,,(0’4— 0.) + 0’—1=0  .. (25) 
where 
y sd T’ 7; 
6’ = —, 0 =—, andé = — 
Tf, T; 7; 
are the corresponding non-dimensional temperatures, 
i) F, y 
Ky aa a 
Bo, Cy 
is the heating criterion, 
1 
and € 
(: ) 1 
ay 2 4 
7 | eeinane 


TI” 


is the nominal coefficient of emissivity referred to the 
radiation-absorbing surface. 

With a known K,,,, /7 and 6” can be found from 
eq. (25) and 6’ is found subsequently by means of eq. 
(24). By eq. (15) it is possible to compute the tempera- 
ture t, of the radiator ; the temperature distribution in 
the plane-parallel layer is derived from eq. (9’). 

If the radiator or the zone of the sources of heat in 
the plane-parallel layer is removed from the radiation- 
absorbing surface to a large optical distance Ai, and if it 
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is possible to neglect the dissociation of the products of 
combustion, then the distribution of temperatures is 
found as follows : 
Bg = 0, — (0, — 0") e FIVE 

where #, = 49(T,/100)* is the surface density of 
black radiation at the theoretical combustion temperature 
of the fuel ; ¢ is the space co-ordinate representing the 
distance from the radiation-absorbing surface. In this, 
the value 3”, as before, is found from eq. (25). 


constant value of the criterion K,, = 1°8, the magnitud 
6” will change from 0°678 to 0°753, i.e., by 11 per cent 
only. For smaller values of the criterion K,,, the 
variation of 0’ will be even less. 

The weak influence of «, which satisfies the so-called 
condition of model representation, considerably simplifies 
the analysis of heat transmission in boiler furnaces. 

The comparison of eq. (26) with the existing formulae 
for the calculation of heat transmission in boiler furnaces, 
which are established from experimental data and which 

7 contain the magnitude eK,,, as 
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a determining parameter, is 
shown in Fig. 5, where the 
curves of 6 = f(eK,,) re- 
present our eq. (26), and two 
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In Fig. 4, the temperature t’’ of the medium at the 
radiation-absorbing surface is plotted against the heat 
flux g, from the radiating surface in kcal/m? hr for 
different values of the parameter /7. It is seen that at 
small values of heat flux from the radiating surface, 
the medium is strongly cooled. The greatest influence 
of the heat flux on the temperature t’’ corresponds to 
small values of the parameter JJ. For parameter 
IT> 0°5 at specific heat emissions g)< 500000 kcal/m2?, 
the temperature t’’ of the medium at the radiation- 
absorbing surface does not exceed 1000°C. 


3. HEAT TRANSMISSION IN BOILER 
FURNACES 


The solution of the problem discussed above of heat 
exchange by radiation between two bodies with parallel 
surfaces in the presence of a_ radiation-absorbing 

. medium between these surfaces which moves towards 

4 Seca : , 
the radiation-absorbing surface, can be applied to the 
calculation of heat transmission by radiation in boiler 
furnaces. The most appropriate model of a combustion 
chamber for the application of the solution obtained 
would be as follows :— 
The combustion chamber represents a channel of 
arbitrary shape, but a cross-section of sufficient size. 
The side walls of the channel are heat-insulating, and 
the cooling surface is situated across the section of the 
combustion chamber. The heating medium moves 
along the channel towards the radiation-absorbing 
surface with a uniform velocity of wy [Nm*/m*hr]. 
The combustion of the fuel in the combustion chamber 
is completed before penetration of the heating medium 
through the radiation-absorbing surface. 

For boiler furnaces, the temperature of the com- 
bustion products at the exit from the combustion 
chamber can be determined from eq. (25), which, on 
condition that 0,4 < 6’! is transformed into : 


eK,,0% | 0” —1 0 =« (20) 


It is interesting to note that eq. (26), which is 
obtained only for combustion chambers with cooling 
confined to one surface, in the first approximation 
describes the results of experiments on industrial boiler 
furnaces with the heating criterion K,, ranging from 
zero to 1°8, and a constant value of the nominal coefficient 
of emissivity « 0°85, but irrespective of the con- 
structional shape of the combustion chamber, the 
nature of the fuel and the method of combustion. This 
result is foreshadowed by eq. (26), in which variation of 
the nominal coefficient of emissivity « has a relatively 
weak influence on the value of 6’’.. For instance, if « is 
reduced to one half, from a value of 0°85 to 0°425, at a 
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Fig. 4. Variation of end tem- 
perature of a stream of absorb- 
ing medium as a function of the 
heat flux and the heat trans- 
mission parameter. 
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For the comparison of these curves, it is assumed 
that at the point @ = 0°7, all curves coincide. To this 
value 6 = 0°7 corresponds a region in which a large 
number of experimental points is found. In accordance 
with eq. (26) the value of «K,, which corresponds to 


6 = 0°7 is 1:25 (at « = 0°85, K,, = 1°47). 
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Fig. 5. Comparison of different formulae for the calculation 
of heat transfer in furnaces. 


As seen in Fig. 5, in the range of @ from 1 to 0°65, 
which corresponds to many industrial boiler furnaces in 
normal operation, eq. (26) gives satisfactory agreement 
with the experimental data shown by the other curves. 
In the range of @ below 0°65, eq. (26) at a constant value 
of « can no longer be taken to represent heat transmission 
in boiler furnaces of arbitrary shape. 


CONCLUSIONS 

1. Starting with (a) the equation describing the 
transmission of radiation energy, (b) the expression for 
the vector of radiation flux and (c) the equation repre- 
senting energy balance, a differential equation describing 
the heating process in a furnace and a boundary condition 
applied to the cooling surface are obtained. 


2. On the basis of the differential equation, a 
solution is given for one of the important problems of 
heat exchange by radiation between two parallel surfaces 
in the presence of a moving and absorbing medium. 
It is found that in the conditions of the problem con- 
sidered, the nominal coefficient of emissivity does not 
depend on the absorption properties of the medium, and 
is determined solely by the coefficient of emissivity of 
the absorbing body and the parameter of heat trans- 
mission. 


3. The solution of the problem is applied to the 
calculation of heat transmission by radiation in boiler 
furnaces with single surface cooling, and the formula 
obtained is compared with the formulae derived from 
experimnetal data on heat transmission in furnaces. 
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HOLLAND 


The Instability of Thin-walled Cylinders subjected to Internal 
Pressure 
By J. A. Hartncx. (From De Ingenieur, Vol. 63, No. 69, July 20, 1951, pp. 0.39-O.41, 2 illustrations.) 


This article shows that buckling of thin-walled cylinders may occur under certain conditions, when 

cylinders are subjected to internal pressure. A simple formula for calculating the critical pressure is 

derived, and more complex cases of buckling are also considered. It is stated that most of the formulae 

given in textbooks fail to predict this behaviour of pressure-loaded cylinders, and should therefore be 
applied with caution where high pressures or great cylinder lengths are considered. 


THE problem of the elastic stability of thin-walled 
cylinders with radial and axial pressure has been the 
subject of many investigations. The general inclination 
is to regard this problem as solved, at least for the ideal 
case. However, the formulae given in various text- 
books are far from uniform in this respect. Although 
similar relations are indicated for critical combinations 
of radial and axial pressures as functions of the cylinder 
dimensions, the values of the coefficients vary according 
to the formula used. 

These differences are negligible in cases where the 
radial pressure is applied externally. But for cylinders 
subjected to internal pressure, the differences are of 
fundamental importance. 

The formulae given by various authors can be 
classified into two groups. The first group includes the 
formulae of Fliigge, Pfliiger, and Prescott, which 
indicate that for a thin-walled cylinder without loads in 
the axial direction, buckling must occur when the 
internal pressure reaches a critical value. The second 
group comprises the formulae of Biezeno-Grammel, 
Love, and Timoshenko. According to these, in no case 
can the internal pressure produce instability. 

The possibility of buckling of a thin-walled cylinder 
without axial loads and subjected to internal pressure 
was not specifically considered in the derivation of these 
formulae, and the author has not found any previously 
published contributions dealing with this subject. 
However, the instability phenomenon for thin-walled 
cylinders really exists. This shows that the formulae 
listed in the second group will not give answers which 
hold true under any conditions. For very long cylinders 
and/or high fluid pressures, caution is required in their 
application. 

An elementary formula for the buckling effect will be 
given in the next section. More general formulae, 
which are preferable for detailed applications, will also 
be considered. It may be of interest to mention that 
this problem was examined by the author in connection 
with a study of the buckling of bellows made up of 
elastic elements and subjected to internal pressure. 


THE THIN-WALLED CYLINDER WITH 
RADIAL INTERNAL PRESSURE 


We shall consider a thin-walled cylinder closed at 
both ends and filled with a fluid which is under pressure. 
If no special provisions are made, the cylinder will have 
to sustain both radial and axial pressures. In order to 
obtain radial pressures only on the cylinder, the axial 
pressure can be avoided by fitting a frictionless piston 
at one end at least of the cylinder. The axial load is 
then taken up by the piston rod and not by the walls of 
the cylinder. If the cylinder, of diameter 2a, length L, 
and wall thickness h (where h < a), is subjected to an 
internal pressure q’, the axial force will then be P = 
7 a" q’ (see Fig. 1). 

From the calculation given below it will be apparent 
that, with gradually increasing pressure, the cylinder will 
remain upright until a critical pressure is reached which 
will cause sudden buckling. The cylinder in its 
deflected condition will then be comparable to a column 
collapsing under an axial load. If the cylinder is free to 
rotate at both ends, it will deflect as shown in Fig. 2, 
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without altering its circular cross-section and with its 
centre line following a curve y = f(z). 

If the cylinder, filled with fluid under pressure, is 
now intersected with a plane perpendicular to the centre 
line at a point z, in order to maintain equilibrium at this 
cross-section there must be normal force N ~ P, a 
transverse force D ~ — Pdy/dz, and a bending moment 
M = yP. As there is no axial load on the wall of the 
cylinder, the liquid transmits the full normal pressure 
and gives no contribution to the transverse force and the 
bending moment. These two components of the load 
must therefore be resisted by the cylinder wall. 


P = Taq’ 
| 
4 nal PISTON 


|_-FLUID UNDER 
PRESSURE 


2 




















a 
| 
| 
P=taq’ 

Fig. 1 Fig. 2 


Fig. 1. Thin-walled cylinder subjected to internal pressure. 
Load in the axial direction relieved by a piston. 


Fig. 2. Cylinder of Fig. 1 under buckling conditions. 


The moment of inertia of the annular cross-section 
about one of its transverse axes is J = 7a*h and the 
rigidity of the cylinder in bending is EJ, where E is the 
modulus of elasticity of the material. When the 
cylinder deflects, the curvature d*y/dz? of the centre 
line of the cylinder, neglecting the effect of shear, must 
therefore satisfy the relation: d*y/dz? = — M/EI. 
Since M = yP, this gives the differential equation 

d*y/dz? = — yP/EI. 
With given boundary values: y = 0 for z = 0 and 
z = L, it is apparent that buckling can only occur if P 
satisfies the relation 
P = wEl/L* me (1) 
and since P = 7ma’q’, and J = za*h, the munis pressure 
q’ is given by 
q’ = *Eah/L* 3 (2) 

The method of calculation which has ieee used is 
similar to the one employed in determining the in- 
stability limit for an upright column under an axial load, 
so that it is not surprising that eq. (1) is identical with 
Euler’s formula. This indicates, furthermore, that the 
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same instability will occur, not only when the critical 
value of P is reached as a result of radial pressure due to 
a piston acting on the fluid, but also when the critical 
value is obtained through direct action in the axial 
direction on the cylinder wall. This case will be con- 
sidered in the following section. 


THE THIN-WALLED CYLINDER SUBJECTED 
TO RADIAL AND AXIAL PRESSURE 


From the theory of shells it is known that a thin- 
walled cylinder subjected to radial and axial pressure 
cannot always be regarded as a curved-profile bar. It 
sometimes occurs that the wall contains a number of 
fields, both in the peripheral and the longitudinal 
direction, in which it deflects alternately inwards and 
outwards. 

If we denote by wu, vp and wy the components of the 
additional deformation due to buckling at a point of the 
wall centre determined by the co-ordinates a, ¢ and 2, 
in the radial, tangential and axial directions, respectively, 
then these deformation components can be obtained by 
means of the relations 


uy = U cos p¢ sin Az/a \ 


Vy = V sin po sin Az/a (3) 
Ww = Weospqeosdrz/a_ } 
(see Biezeno-Grammel, p. 603), where A = zan/L; 
O. . certain constants ; and p, n = positive 
integer numbers. In the particular case p = 1, and 


n 1, the cross-section of the cylinder remains circular 
and the curve of the centre line is a half-sine curve. 
This buckling is identical with the shape considered in 
the previous section. 

In the more general case, the cylinder is not only 
subjected to a radial pressure gq = — q’ directed towards 
the inside of the cylinder, but it is also loaded at both 
ends by an axial pressure corresponding to a force Q 
per unit length measured along the circumference. 
Then, using the notation 


q, = (1 —v*)ga/Eh, q. = (i — v*)Q/Eh, k = h®/12a* (4) 
where v transverse contraction coefficient, the cal- 
culation according to Fliigge, for example, gives the 
following buckling coefficients : 
C, + Cok C391 > €4G2 . (5) 

The coefficients c,, c., c, and c, will now be given ina 
somewhat more complete form than that indicated by 
Fliigge : 

c, = (1— vA, 

| 3A‘p* r (4 — v)A*p! 


cy = (At 4 pit — 2pvas 
p') + (4—3v4)M 5 222— vp? + pt, + (6) 
cy = (+ ppt — 1) — pt + 2vM, | 


Cy = (A? 4+ p*)?A? + 2(1 + v)At atp*. 5) 


These results can be checked by applying them to the 
elementary case given in the previous section, with the 
substitutions p = 1, m = 1,A<1landk<1. This first 
approximation shows that instability occurs when 


=—% Pay aie ye -» (7) 
or, since g = — q’, A = za/L, and using eq. (4), when 
q’ + 2Q/a ~ n® Eah/L* as (8) 


For the cylinder wall with no load in the axial direction, 
OQ = 0, so that in this case the result is identical with that 
obtained by elementary means (see eq. (2)). If the wall 
of the cylinder is subjected to an axial load, then 
P= ma*[q’ + (2Q/a)] 

is the total external force acting on the ends. By 
substituting this expression for the total force in Euler’s 
formula, the buckling coefficients of eq. (8) are obtained 
without relating instability to forces acting directly on 
the wall or transmitted by a piston to the fluid in the 
cylinder. 
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In the frequently occurring case where the cylinder 
is enclosed at both ends, the wall is subjected to an axial 
pressure — Q = q’a/2 per unit length of its circum- 
ference. From eq. (8) it follows that this pressure is 
just sufficient to counteract the buckling effect due to 
radial pressure. This is probably also one of the reasons 
why the possibility of buckling of cylinders subjected to 
internal pressure has apparently not been observed 
previously. Fliigge was only concerned with the 
influence of internal pressure on the axial loading, and 
did not mention in his discussion the fact that buckling 
can occur as a result of internal radial pressure in a thin- 
walled cylinder, even when the axial pressure is relieved. 
It can thus be assumed that this latter possibility escaped 
his attention. 

Comparing the results of Fliigge with, for instance, 
those of Biezeno-Grammel, we see that the buckling 
coefficients given by the latter can be written in the form 
of eq. (5) with the coefficients c,, c, and c, defined by 
eqs. (6), whereas c, is determined by 


B= + PPR — f+ om. 


The term Ap? required to obtain eq. (7) has dis- 
appeared from the expression for c, and this leads to the 
Biezeno-Grammel formula instead of giving the result 
required. The reason for this deviation is briefly 
explained in the Appendix. 

Pfliiger and Prescott confirm the result of Fliigge’s 
calculation, whereas Love and Timoshenko are in 
agreement with the calculation of Biezeno and Grammel, 
according to which instability is not possible as a result 
of internal pressure. On the basis of the elementary 
calculation given in the first part of the above, it is 
apparent that only the first group of authors had a 
correct glimpse of the problem. It must be emphasised 
that the differences indicated in this article only appear 
in the case of internal pressure, for which p lisa 
possible condition. When radial pressure is applied 
externally to the cylinder, p - 1 and the differences are 
of secondary importance. 

Owing to the high rigidity in bending of the cylinder, 
the form of instability considered in the foregoing will 
only appear at very high fluid pressures or with very long 
cylinders. Moreover, special caution is required in 
relieving the cylinder wall of its load in the axial direction, 
since with a totally enclosed cylinder the axial pressure 
counteracts the buckling effect due to radial pressures. 


APPENDIX 


The reason for the difference between the results cf 
Fliigge and those of Biezeno-Grammel is that the latter 
authors did not include the axial component of pressure 
— q/0u,/éz in the calculation of the additional load due 
to hydrostatic pressure in the deflected condition. If, 
instead of their second equation (VII, 30, 6), we 
substitute Z = — (q/a) 0? wo/Oy? + g@uy/z, with gq - 
— q’, this modification causes the coefficient of U in 
the third equation (VII, 30, 10) to increase with the 
term Ag,, and their equations thus completed become 
equivalent to those of Fltigge. 
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Problems arising in Storage and Handling of Pulverized 
Materials 


By F. SILverR. (From paper No. 51-SA-45 of The American Society of Mechanical Engineers, presented at the 
Semi-Annual Meeting, Toronto, June 11-14, 1951, 12 pages, 5 illustrations.) 


At school, engineers receive little or no training in the laws for imperfect fluids. 


In practice, when they 


encounter problems with imperfect fluids, they most often attempt to use the perfect fluid laws they know. 
The result is seldom successful. 


Bins and chutes with great dents beaten in them and 
poke holes cut in them by frantic operators trying to 
get the material out, thickeners which are operated at 
considerably less than optium pulp density because the 
sludge starts building up on their improperly designed 
rakes, thin metal farm silos the sides of which have 
crumpled, and feeders which do not feed uniformly, are 
the rule rather than the exception. 

There are many ways to develop a more fruitful 
approach to flow problems. The angle of repose 
concept for granular materials in chutes and bins is old 
and familiar to most engineers. Unfortunately this 
tool is not adequate. Another helpful approach is the 
study of many special cases. This method is being 
extensively used at present. The literature on imperfect 
fluids in special flow situations is multiplying rapidly. 

However, as was the situation with hydraulics before 
Reynold’s number, when empirical equations for special 
material under special conditions were available in 
great quantity, they worked well with an identical 
situation, but usually the situation was different and 
then there was not even information for a good guess. 
The more general approach of Reynold’s number filled 
in the gaps for perfect fluids. Now we must take the 
next logical step and formulate a more general theory of 
flow to include imperfect fluids, plastic flow, soil 
mechanics, rheology, etc. A small part of the effort 
now being devoted to studies of special cases could give 
us a working general theory. 

Perfect fluids should be regarded as a special case of 
this more general theory. We engineers must stop 
discussing ‘‘ flow of perfect fluids” as just ‘ flow of 
fluids” without qualifying it. Rheologists have done 
so for some time. Even if we never formulate a one- 
equation treatment for all conditions of flow of perfect 
and imperfect fluids, the general approach will be 
rewarding. At present the most serious errors from the 
lack of a theory of flow for imperfect fluids arise in the 
no-flow (static), slow-flow region, and it is this area that 
this paper will treat primarily. Differences in flow 
characteristics between perfect and imperfect fluids are 
very much less, possibly negligible, in the turbulent 
flow region. 

Investigations of the structural properties of 
imperfect fluids have been hampered by their seeming 
erratic behaviour. Quite often erratic behaviour is 
found to be caused by a variable which has been omitted. 
Here is no exception. With gels and colloids, erratic 
behaviour was usually explained away by saying the 
materials were thixotrophic, and until very recently 
little attempt was made to determine quantitatively 
what happened to flow properties during a thixotrophic 
change. The erratic behaviour of other materials of 
coarser and drier structure such as grain, coal, dusts, 
meals, etc., were not dignified with a label like thixotrophy, 
although operating personnel, both engineer and lay, 
have vied with one another to describe most colourfully, 
if not quantitatively, their behaviour. 

In this paper the term thixotrophy will apply to 
any imperfect fluid that increases its yield point with 
time. In addition to using it to describe certain fine- 
structured gels or colloids, the term can be very useful 
with coarser materials such as dusts, grains, and even 
rocks as big as coconuts or bigger stored in mass if they 
get stuck together by silt, glue, through natural cementing 
properties like slag, or by fusion from heat. These 
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different types of flow can be shown graphically in 
several ways. Here is one of the simplest : 

The thixotrophic curve in Fig. 1 is a supposition. 
Its form should be determined accurately by someone 
with access to a Brookfield or a modified! Stermer 
viscometer, or perhaps other instruments will have to be 
devised to measure it. Green and others?, ® have 
measured thixotrophy at higher flow rates for certain 
types of materials and made some mathematical analyses 
of them. But they have not covered the no-flow, slow- 
flow region of most importance to engineers. The 
thixotrophic effect on the yield point has been dismissed 
by saying that the drop from the static to the dynamic 
yield value takes place almost instantaneously. We 
must modify present apparatus, or devise new, so we 
can accurately determine static yield points and what 
happens as flow begins. 


THIXOTROPHIC 
YIELD POINT 


SHEARING FORCE - 











FLOW RATE 
Fig. 1. Thixotrophic curve. 
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Fig. 2. The Thixotrophic yield point curve. 


The starting point (yield point) of the thixotrophic 
flow curve on the Y axis will vary with time. The 
nature of this change for various materials can be plotted 
as shown in Fig. 2. Other variables than time may be 
plotted as families of curves as shown in Fig. 3. 

In dealing with materials as large as grain, it is easy 
to visualize the thixotrophic change as one involving a 
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(a) (b) 
Fig. 3. (a) Family of thixotrophic yield point curves at 
different temperatures where thixotrophy is caused by 
fusion. A similar system would apply to grains of different 
percentage moistures. In some situations pressure might 
affect yield point vs. time curves. (b) Other parameters may 
require other families of curves. 


Te 


changing coefficient of friction between the granules. 
With a little more difficulty this same concept can be 
used to visualize the increase in yield point in dusts or 
powders as the fluidizing air film leaves, or in colloids as 
gel bonds become established. 

There is a great deal of information available on the 
streamline and turbulent flow region of perfect fluids. 
The streamline and turbulent flow regions of imperfect 
fluids follow the rules for perfect fluids closely enough 
to permit them to be treated similarly. However, 
streamline flow and turbulent flow are not sufficient to 
deal with imperfect fluids. Another type of flow, plug 
flow, must be considered. The shearing force on a 
liquid flowing through a pipe increases toward the wall, 
and approaches zero in the centre in the streamline 
flow region. Near the centre where the shear is less 
than the yield value, there will be no relative motion 
between particles, and the centre will flow together as a 
solid plug. 

The plug-fiow region has been treated mathematically 
from first principles by Bingham, and the equation 
verified experimentally in considerable detail by 
Caldwell and Babbitt.!. The 4/3 relationship between 
the yield point and streamline flow region projected 
as a straight line until it strikes the Y axis is demonstrated 
both mathematically and experimentally in their 
article. When the yield point becomes zero, the Bing- 
ham equation fits perfect fluids in the streamline region, 
so a general theory in the streamline region is nearly 
complete except for thixotrophy. 

The term “ dilitancy”’ is sometimes applied to 
fluids whose viscosity increases with flow rate. The 
term should not be used to describe the plug-flow region 
of fluids with yield points, because the increase in 
apparent viscosity here is of a different sort. We would 
then end up with three types of flow in common usage, 
plug flow, streamline flow, and turbulent flow. The 
term plug flow is now used occasionally but not generally. 
The characteristics of plug flow are not as generally 
understood as the other two types of flow, although 
throughout industry situations involving plug flow are 
nearly as prevalent as the other two types. 


STATIC AND FLOW PROBLEMS IN GRAIN 
HANDLING 

Flow through a circular orifice with perfect fluids is 
proportional to the square of the diameter and the square 
root of the head. For grain the flow is proportional to 
the cube of the diameter and independent of the head.®, * 
An investigation should be made to determine how this 
change takes place as fluids become less perfect. 

An investigation of buoyancy in imperfect fluids 
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may prove interesting. The Archimedes principle does 
not hold for wheat. What then are the relationships, 
and what happens in the transition area between 
imperfect and perfect fluids ? Is there something 
akin to surface tension on a large scale that operates in 
imperfect fluids that enables the operator to walk acros: 
a bin of wheat, sinking up less than to his knees ; or is 
this simply the yield point in operation, functioning in 
the same way when it prevents an object much denser 
than the wheat from sinking to the bottom of a bin when 
the object is immersed in wheat, or an object less dense 
than wheat from rising to the surface ? 

In drawing grain from bins, plug flow operates to 
draw the grain from the top of the bin down a central 
moving column over the outlet. The top of the bin 
cones down and feeds into the moving column over the 
outlet, top layer after top layer. Grain must be 
‘“‘ turned ” to prevent heating. The flow characteristics 
make it necessary always to “‘ turn ” into an empty bin. 
If grain flow were like water flow, the grain could be 
drawn out and put back on top of the same bin. With 
grain, however, feeding off the top, only the top portion 
would get stirred this way. The top portion would just 
circulate around and around, the remainder of the bin 
would not be affected. This effect can readily be 
studied in bins as small as a foot square or smaller and 
only a few feet high, with one glass side. Streaks of 
different coloured dust may be put along the glass side 
to form flow lines. The plug flow may extend from 
side to side of the conductor if the flow rate is low, the 
yield point fairly high and the outlet not restricted. 
Lack of mixing in plug flow has been a serious problem 
in grain dryers where mixing is desirable. 
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dig. 4. Luft’s Experiment on Corn Bin Filling and Emptying. 
Corn 48°4 pounds per cubic foot. Smooth Concrete Bin 
23 ft. 10 in. diameter. 
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Pressures in grain bins do not follow the laws for 
perfect fluids. Instead of: ‘‘ Pressures are proportional 
to the height of the column of liquid, and are uniform 
at a given depth,” we have for grain, “‘ Static pressures 
increase proportionately less as the column of grain gets 
higher until at a height about 24 diameters it stops 
increasing.” The pressure varies depending on whether 
the bin is being filled or emptied, how long the grain has 
been sitting, grain condition, and if emptying, where the 
opening is, as pressures 2 to 4 times normal may occur 
with an opening at the side when the grain is being 
drawn out. The higher pressures, are on the side 
opposite the opening. 

The graph of an experiment, Luft’s experiment on 
corn bin filling and emptying well illustrates this (see 
Fig.4*). The horizontal lines showing decreasing 
pressure with standing show quantitatively one effect of 
thixocrophy. Note that grain pressures, although 
usually less than perfect fluid pressures, can be greater 
under certain conditions. 

In deep grain bins most of the weight is not carried on 
the bottom of the bin as with perfect fluids, but is carried 
out to the sides of the bin by a dome effect. Bins 
designed for perfect fluids may fail by crumpling of the 
sides, or by the sides being forced into the ground if 
grain is put into them. Bins that hold grain quite well 
may burst if perfect fluids are put in them. 

If grains are stored without turning, especially if the 
moisture, temperature, infestation, and dirt are high, 
they will stick together. In mild cases of this sticking, 
when emptying the bin great soft cliffs will be left that 
will gradually break down into large chunks that usually 
crush themselves in going out of the opening, although 
sometimes they may block the opening. At other times 
a kind of erosion takes place with deep channels cut in 
the cliffs. Where the grain is not turned for a long time, 
progressive heating, sticking, and deterioration takes 
place, finally resulting in a charred mass that must be 
dug out with picks. 


PROBLEMS IN GETTING A GRANULAR 
SOLID OUT OF A BIN 


A feed company in Baltimore with a newly erected 
“working house”’> feed mixing plant had bought 
several cars of fine salt and put them in one of the bins 
to run out over automatic scales into their feed mixing 
line. After about 20 tons of salt had run out, the rest 
hung up in the bin so tight that air hammers were 
required to break the salt out of the bin. 

The plant is near the waterfront and the air is quite 
damp. Underneath each of about 20 bins are the latest 
in automatic proportioning feeders emptying onto a 
belt to mixers and baggers. The automatic feeders 
were so arranged that if the feed got off any machine, 
the whole apparatus would automatically stop. The 
operator had to poke up through a porthole with a rod to 
dislodge the material, and then start the machinery and 
run till the feed got off again. Up on top of the bins 
was an improvised winch which was used in lowering 
men down onto the top of the material to try to dislodge 
it. 

We need a comprehensive and powerful theoretical 
treatment of material flow from bins and down chutes 
under a wide range of conditions. Not just timid 
little suggestions about angle of repose, etc. We have 
some suggestions along these lines that we should 
review. Hudson in his ‘‘ Conveyors and Related 
Equipment ” ® discusses this problem at some length. 
He speaks of having considerable success with thin 
suspended sheets of stainless steel in a hopper. Before 
devices of this nature can be intelligently employed, a 
study must be made of the magnitude of the forces that 
ordinarily strip such things out of a bin. Certainly 
these forces are very great, and should be thoroughly 
understood before employing devices suspended in the 
on. 
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The Bin-Dicator Company are now advertising a 
new unit for introducing air into a bin through a square 
of canvas to facilitate flow of material. They suggest 
arranging the units in lines from the break in the bin, 
all of the way down and out of the chute. More or fewer 
units are to be used depending on the type of material, 
bin design, how completely it is to be emptied, etc. 

Vibrators have some value but must be used carefully, 
as they may compact the material rather than fluidize it. 
The applications for vibrators should be determined 
accurately, instead of being merely stated as above. 
There are several types on the market for unloading 
hopper cars, some hang on the side and vibrate 
magnetically, some straddle across the top and use a 
motor-driven eccentric to produce the vibration. 
Their effect on the tipple on which the car is resting 
is not mentioned but should be investigated, as they are 
likely to be significant. 

Some of the companies that specialize in bin 
erection have arrived at empirical relations that facilitate 
flow from a bin. This information should be collected 
and published along with the other laws for flow of 
imperfect fluids. Openings should be long rather than 
round or square. Presumably this gives only the single- 
arch instead of the double-arch effect. Openings for 
difficult materials should be in the side of the bin instead 
of the bottom. Probably the dome effect that transfers 
the weight of the stored material to the sides acts 
downwardly to crush the arch or the sides of the material 
of the side opening. However, there may be another 
explanation. In any event this phenomenon should be 
analyzed mathematically and experimentally. 


DUSTS 

Dusts change rapidly from the very fluid aerated 
dust where each particle is surrounded by an air film 
to a material having entirely different flow characteristics 
as the air film leaves.” In dealing with them, one should 
have a grasp of the complete range of flow characteristics 
and the time and conditions to effect this change. 
Means of dealing with the various types of flow must be 
incorporated in any design. 

There are on the market some fairly satisfactory 
arrangements that keep the dust aerated. Some, such 
as small ingredient feeders in flour mills, mechanically 
agitate the powders. Others, like the airslide conveyor, 
force compressed air through a canvas chute bottom. 
The dusts thus aerated flow almost like water. 


THICKENERS 

Many thickeners for strongly thixothrophic materials 
with high yield points have been designed as if they were 
only handling perfect fluids, or simple granular materials. 
The designer gets too keen to get the material in near 
the centre and installs blades with such a high angle of 
attack that the material turns with the rake instead of 
being moved toward the centre. Designs should be 
worked out using more rake arms, with more and smaller 
blades, and a lower angle of attack. What happens with 
present designs is that first an annular ring forms in 
the central area, and this then builds out until practically 
the whole sludge mass is turning with the rakes like a 
huge disc. Additional sludge entering the thickener 
then settles on top of this disc, until the rakes are over- 
loaded. 


HIGH-TEMPERATURE CONTINUOUS- 
FLOW HEAT RECUPERATOR 

Continuous counter-current flow heat exchangers 
usually operate quite well, but are limited in how high a 
temperature can be reached efficiently in the gas being 
heated. The Bureau of Mines has recently been 
attempting to make a new type of high-temperature 
heat exchanger for its underground gasification of coal 
project. They are attempting to do this by using MgO 


(Concluded on page 344) 
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ITALY 


The ‘Moriondo” Aerodynamic Brake 


By A. Bray. 


(From L’Ingegnere, Vol. 25, No. 7, July, 1951, pp. 743-749, 15 illustrations.) 


This article describes a new aerodynamic brake consisting of an airscrew and a spring-type torsion meter. 
Besides serving to determine brake horsepower, the system can be used for torsional vibration measure- 
ments. Tests results illustrating the performance characteristics of this new brake are also given. 


DYNAMOMETERS can be divided into two main classes. 
The first includes those systems which determine power 
from measurements of angular velocity, force and 
distance. If the distance is kept constant, there are 
only two variables : angular velocity and force. The 
second class includes dynamometers of the torsion type, 
which determine power from measurements of both 
angular velocity and the twist of a shaft portion situated 
between the engine and the driven machine. Dyna- 
mometers of the latter type can also be used for the 
measurement of torsional vibration. 

The aerodynamic brake described here comprises 
the following elements :—(a) an airscrew with blades 
having a controllable pitch ; (b) a system for altering 
the resisting torque by pitch variation ; and (c) a torsion 
meter, consisting of a driving component, coupled to 
the engine, and a driven component, connected to the 
airscrew. The indicating equipment includes a tacho- 
metric device measuring angular velocity, a torque and 
power indicator, and a tachometer giving the engine 
speed. 

THE AIRSCREW 

‘The airscrew consists of a cylindrical head, completely 
enclosed to obtain minimum resistance to motion and 
designed with eight recesses, in which the blades are 
inserted. The blades are held in place by bayonet 
joints with a special locking device. Each blade is 
supported by ball and roller bearings which allow 
adjustment of pitch up to 90 degrees from zero pitch to 
the maximum position. In the initial design, the pitch 
adjustment is manual with two levers on either side of 
the brake assembly. A friction device maintains the 
blades at the required pitch setting and prevents any 
change in incidence due to aerodynamic forces. 

To determine the forces acting on the blades, we 
shall consider the sections of two blades diametrically 
opposite and intersected by a cylinder, the axis of which 
coincides with the axis of rotation. Each of these 
blade elements will be assumed to have an infinitesimal 
height in the direction of its blade axis. By developing 
the cylindrical surface on a plane, we obtain the diagram 
of Fig. 1. 
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Fig. 2. Blade calibration curves. 


the line joining the centroids of the two sections, give 
rise to a rotating couple: M,,, 2rA,, 2a) nAn/T 
where a), = 7r = length of the semi-circumference. 
This rotating moment is resisted by the bedplate on 
which the brake is mounted. 

The same forces, projected on the axial plane at 
right angles to the one previously considered, result in a 
couple : M,,, = (a, +- a,’) A, which is also the couple 
due to the forces A, and A,’ : Ma, = (a, } a;') At. 
Furthermore, the forces A, and A,’ give rise to a 

torque M,, = 2rA, 24 n Ai/™ 
1% which resists the peripheral motion. 
} The gyroscopic effects due to the 
rotation of the blades about their 

own axis are negligible because this 

velocity of rotation is very low. 





ee 


Fig. 1. Diagram of two blade sections developed in a plane. 


When the system is in motion with the blades at a 
pitch setting other than zero, the forces A and A’ act on 
the two blade elements. Their points of application are 
displaced from the centre of gravity towards the outer 
edge and are not exactly normal to the blade surfaces 
owing to frictional forces. 

The forces A and A’ can be resolved into components 
A,, A, and A,,’, A,’, parallel to the brake axis and in the 
direction of peripheral motion, respectively. The 
forces A, and A,,’, projected on the axial plane containing 
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In order to have a dynamically 
balanced system, an even number of 
blades must be used and the brake 

: can therefore operate with two, four, 

; six or eight blades. A wide measur- 

; ing range is obtained by providing 
the brake with three types of 
blades of similar shape but with 
effective areas of 150, 350 and 
1000 cm* respectively. Performance curves of the 
brake fitted with these different blades are shown in 
Figs. 2 and 3. 

The upper speed limit is determined by the maximum 
allowable torque, which should not exceed 63 kgm. 
At a given speed n [rpm], the maximum horsepower H is, 
therefore, determined by the relation 


H = (2n/60)M,/75 = M,n/716:2 = 63n/716°2 
= 0:0878 n [metric hp]. 
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Fig. 3. Characteristic curves of blades of type 350. 


The performance curves show high gradients over 
certain speed ranges. To obtain wider ranges of 
adjustment, it is, therefore, advisable to operate normally 
with the brake usiny only part of the braking capacity of 


the blades. 


THE TORSION METER 

The torsion meter is situated between the engine 
and the airscrew. Its primary component P (Fig. 4 is 
directly driven by the engine shaft and transmits motion 
to the airscrew through the secondary component 
(Fig. 5), by means of ball bearings C. The resisting 
torque due to the airscrew causes these bearings to 
move on the curved ramps J of the driven component. 
The result is a relative rotation of the two components. 
This change in position also causes an axial displacement 


! 


Fig. 4. Primary component of torsion meter. 
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of the thrust control ring A, on the primary, connected 
to four springs M fixed in their seats by the covers K. 
The displacement of the thrust control ring is propor- 
tional to the phase angle between the primary and the 
secondary of the torsion meter. Therefore, it is also 
proportional to the resisting torque which is balanced 
by the compression of the springs. 

The axial displacement of the primary is amplified 
by a system of levers and indicated by a pointer moving 
over a horizontal scale graduated in kilogram-metres 
(Fig. 6). The torque values were based on the spring 
rate determined in a preliminary calibration. As the 
brake is provided with several sets of interchangeable 
springs, the torque scale has four different sets of 
graduations. The maximum torque values for each 
type of spring are as follows :— 10 kgm; 20kgm; 
30 kgm ; and 60 kgm. The angular velocity of the 
engine is determined by means of a tachometer of the 
inertia type, with a pointer rotating over a non-uniform 
scale up to a maximum value of 5,000 rpm. 

Direct determination of power is, therefore, possible 
with this dynamometer, and the power can be read off 
the scale on the vertical pointer, for any torque and 
speed. The ranges of power covered with the different 
types of springs are :— 0-50 (metric) hp ; 0-100 hp ; 
0-200 hp ; and 0-400 hp. Thus, this dynamometer 
can be classed between the dynamometers of the trans- 
Mission type and those measuring the power absorbed. 


DESCRIPTION OF TESTS 


The tests were carried out with the aerodynamic 
brake coupled to a Ford V8 engine. In order to avoid 
stresses due to misalignment, the brake was coupled 
with a universal joint. The engine was bolted to an 
iron base and the brake assembly was mounted on 
concrete. The airscrew was isolated from the brake 
body by means of a shield plate which, besides being a 
protection for the operators, produces a more uniform 
air stream and avoids sudden changes in the resisting 
torque which could be caused by air currents coming from 
the engine. As the maximum power of the engine was 
expected to be approximately 80 hp, four blades of type 
350 were fitted on the hub and the 30-kgm springs 
were used. 

Compared with other types, this airscrew brake has 
the advantage of enabling load adjustments at any speed 
to be made by altering the pitch setting of the blades. 
However, like all other air brakes, it is noisy ; and unless 
the airscrew is placed in an acoustically insulated 
chamber, the noise level is sufficient to mask the engine 
noise and inconvenience the operators if the brake is 
run over protracted periods of time. 

The original design had two pitch control levers 
situated on either side of the brake and two operators 
were necessary to overcome the resisting torque. 
This arrangement was subsequently modified by 
replacing the levers by a handwheel-operated worm 
drive meshing with a toothed segment mounted on one 

of the lever hubs. 


In the minimum pitch position, the 

blades have a resisting torque due to air 

friction. For example, with the four 350 

type blades used for the tests, the mini- 

mum torque is 3 kgm at 3,000 rpm. 

However, tests under no-load conditions 

were made possible by fitting a fric- 

tion clutch between the engine and the brake shaft. 

This arrangement might also be useful with brakes of 

other types, since it enables the brake to be coupled 
after the engine is adjusted. 

The most heavily loaded parts of the torsion meter 
are the ball bearings running on the curved ramps. 
High loads occur on these bearings as a result of instan- 
taneous variations of the engine torque and, to with- 
stand these loads, the bearings are provided with rein- 
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forcing sleeves. Excessive loads 
were avoided by slowly altering the 
pitch setting when different test 
conditions were required. 

The torsion meter is sensitive 
to the slightest variations in engine 
torque. This is an advantage in 
some respects, but it also makes 
readings more difficult, since the 
pointer tends to vibrate at the natural 
frequency of the spring system, with 
an amplitude depending on the fric- 
tional damping of the system, about 
the position corresponding to the 
mean torque. 

The power can be measured 
directly, by means of the arrange- 
ment shown in Fig. 6, instead of 
being obtained by calculation. Gen- 
erally, the indication is extremely 
accurate. The errors involved can 
be estimated as follows :—In the 




























measuring arrangement used, the Fig.5. S$ 


horizontal torque scale has uniform 
graduations. The curved scale for 
the angular velocity w is not uni- 
form, but the movable scale indicating the horse- 
power is also provided with uniform graduations. 
With this system, the power output H (in metric horse- 
power) is given by 

H = Mtan« se (1) 
where M = torque [kgm], tan « = n/716°2, and n = 
engine speed [rpm]. Therefore, the tachometer pointer 
must have a displacement corresponding to tan «. 
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Fig. 6. Measuring panel. 

The horizontal scales give the torque in kgm, the curved scale 
indicates engine speed in rpm, and the vertical slide has scales 
graduated in horsepower. 

The errors which can occur are due to (a) the 
vibration of the pointer indicating torque, owing to the 
irregularity of engine torque ; and (b) the parallax 
effect, occurring because the operator reads the horse- 
power from the side of the rotating pointer. 

The error (a) is determined as follows : e = 4H = 


(M + 4M) tana — M tan a = | 4M | tan a, the 
relative error being 
e, = 4H/H = | 4M | /M, fe (2) 


whereas the error (b) is obtained from : e, = 4,H 
Mtan(a + | 4a |)—Mtana = M[tan(a+ | 4a 
— tan «], and the relative error is 

é,, = [tan(a + | 4a | )/tanajJ—l. .. (3) 
Equation (2) shows that for a given angle «, that is, ata 


I) 
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y p t of torsion meter. 






given speed, the absolute error increases with torque. 
For example, the error using the 10 kgm springs is 0°5 
hp per division, and with the 60 kgm springs 4 hp per 
division. Equation (3) indicates that for a given value 
of torque, the absolute error increases with the engine 
speed, since the tachometer scale is not uniform. 

The sensitivity of the measuring system, using eq. 
(1), is given by 








0H oH 
=|— 4a + |—14M 
0m oM 
sothat S= | Mcotang4da| + |4Mtana|. 


This expression shows that the measuring device is 
more sensitive in the lower range to changes in speed and 
torque. 


USE AS A TORSIONAL VIBRATION 
DYNAMOMETER 


The dynamometer can be used as a torsional vibration 
indicator in view of its sensitivity and high natural 
frequency characteristics. For work of this kind, it is 
necessary to add to the measuring system a recording 
device, consisting of (a) a pen and lever rigidly connected 
to the moving rule measuring the torque, and (b) a 
kgm 
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Fig. 7. Typical diagrams showing the driving torque at 
various speeds. 
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drum covered with a paper strip, which is driven by the 
engine or by a small electric motor. 

After modifying the measuring system as described 
above, a second series of tests was carried out with the 
dynamometer coupled to the Ford V8 engine, in order 
to obtain diagrams of the torque variation. Typical 
diagrams are reproduced in Fig. 7. The regular 
vibrations are due to the variation of torque during each 


engine cycle, whereas the irregular vibrations with 
a larger amplitude correspond to lost strokes of one of the 
engine cylinders. These diagrams giving the torque 
plotted against time can serve to determine the mean 
torque and, therefore, the corresponding brake horse- 
power. The diagrams can also be used to study the 
variations of the driving torque in order to find defects 
in engine operation. 
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Product Design for Lapping 


By H. H. FINKELBURG. 


(From Konstruktion, Vol. 3, No. 7, July, 1951, pp. 201-204, 14 illustrations.) 


Production possibilities and methods should be borne in mind when designing components, particularly 
where the component has to fulfil specific requirements, such as its suitability for high-quality surface 
finish. The designer must, therefore, be familiar with new methods so that the product can benefit from 


any improvements to be expected from such methods. 


With a full knowledge of the available methods, 


the component can be designed to suit the method. The following article is intended to acquaint the 
designer with lapping. 


LapPING, in common with other fine finishing operations, 
has increased in importance in recent years. It is 
employed for producing smoother surfaces, i.e., for 
reducing the surface roughness, and this results in 
several advantages. These include: lower friction, 
effective sealing and location, and improved geometrical 
form and accuracy. 

Lapping machines for various operations are now 
available, but their use presupposes suitable component 
design. This, unfortunately, is not always the case, 
even in the most important fields of application, which 
include the production of motor vehicles, engines, 
hydraulic and pneumatic installations, compressors, 
electric motors, etc. Among the parts frequently lapped 
are cylinders, liners, piston rings, valves and end 
gauges. Lapping, basically a variation of the grinding 
process, uses a lapping compound consisting of loose 
abrasive particles suspended in a carrying medium such 
as oil or paraffin. Cast iron plates or cylinders serve as 
tools. These are covered with a layer of the compound, 
forming a film between the tool surface and the surface 
to be lapped. Due to the relative movement between 
tool and work, the abrasive particles remove metal from 
the work in the form of minute chips. In this process, 
the particles split, so that their size is progressively 
decreased. This results in the eventual production of 
a surface with a very fine finish. The metal removal 
during lapping can be considerable, even after a short 
Operating time; it is of the same order as that in 
conventional grinding, and surface finish values well 
below 1 micro-inch can be achieved. Lapping is 
therefore a process suitable for a wide range of manu- 
facture and can frequently replace other operations. 

Components with one flat face are lapped on 
machines with one horizontal lapping disc and are moved 
to and fro between the centre and outer periphery of the 
disc, until the surface is flat and has the required finish. 
Flat, parallel-sided parts are generally lapped on machines 
having two horizontal lapping discs, mounted one over 
the other and normally rotating in opposite directions. 
The parts are loosely inserted in special flat cages or 
work holders, in which they are free to move or rotate, 
and the cages themselves are moved in such a manner 
that the individual parts traverse the discs from centre to 
periphery. Cylindrical parts can be accommodated in 
cages of special design. Satisfactory results are obtained 
only with perfectly flat and correctly trued discs. 

Bores and cylindrical surfaces are lapped individually 
on cylindrical lapping machines (Fig. 1) by means of 
expanding cylindrical laps. These rotate and perform 
a reciprocating motion, so that they influence both 
the roundness and straightness of cylindrical parts. 
The process is unaffected by grooves or keyways in the 
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lapped surface. The parts are not held rigidly, but are 
centred by the lap, so that the location of the lapped 
surface in relation to the part will depend on the accuracy 
of previous operations. ‘Tapered or chamfered ends on 
bores must be avoided and the lapping stroke should be 
long enough for the lap to over-run the work on each 
end. This applies to cylindrical as well as flat surface 
lapping, and can be achieved by special devices or 
manually, by holding the lapped component. 

These basic principles of the lapping operation entail 
certain requirements of work shape, which should be 
borne in mind in the design stage. 

Flat surfaces intended to be finished by lapping 
must be proud and not obstructed by other parts of the 
component. For example, in the design of the gear 
pump housing (Fig. 2), care must be taken to ensure 
that the foot is on the opposite side to the one to be 
lapped, so that the part can be freely rotated about its 
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Fig. 1. Internal and external cylindrical lapping machine 
with horizontal spindle. 


(a) and (b) switches; (c) “‘ On-Off” lever; (d) lap adjustment ; 
(e) foot-operated lever for lap adjustment. 
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4 . Gear pump consisting of three parts. Central part 
table for flat-parallel lapping. Both outside parts 
suitable for flat lapping on one face. 


axis. Where protruding parts are unavoidable, it is 
essential that these be sufficiently separated from the 
surface to be lapped to allow adequate movement of the 
workpiece under the disc, with occasional running over 
the disc periphery. Another example is the lapping of 
the parting surfaces of the two halves of a two-stroke 
engine crankcase. Here again, the designer must avoid 
protruding lugs or other obstructions which would make 
satisfactory lapping impossible. 

Basically similar requirements apply to flat, parallel 
lapped surfaces. They should also be clear of other 
parts or surfaces so that they can rotate in cages. The 
central part of the gear pump (Fig. 2) is correctly 
designed for the lapping of both faces. The connecting 
rod shown on the left in Fig. 3 is incorrectly designed. 
Although only the big end is 
to be lapped, the small end 
should not be wider, since 
it would prevent the lapping 
discs contacting both faces of 
the wider big end. It is also 
important to ensure that the 
lapped areas are roughly equal, 
as otherwise the smaller area 
would be under a higher speci- 
fic pressure and would, there- 
fore, be subject to a higher 
rate of metal removal. 

The lapped surfaces on 
cylindrical components must 
be well clear of portions with 
larger diameters, and the 
clearance distance should be 
approximately equal to the 
diameter of the lapped 
cylinder (Fig. 4). This 
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Fig. 4. Sewin; e clearance 
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distance must be provided to permit lap over-run. 





is essential so that the lapping tool or disc may have an 
adequate run-out distance. Only then can truly 
cylindrical components be produced and the lapping 
tools will retain their original geometrical form. This, 
in turn, will result in long production runs of inter- 
changeable components. 
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Fig. 5. Throttle re. Lapping is aoe by reducing 
diameter of ring D to d 


Lapping of cylindrical parts between two lapping 
discs is possible, even where there is a portion with a 
larger diameter on one end of the part. In such a case, 
the larger portion must protrude from the lapping cage 
periphery so that it is clear of the discs. It is preferable, 
however, to keep the entire part wholly within the lapping 
disc area. Where possible, therefore, all the diameters 
should be reduced to or below that of the lapped 
cylinder, even though this may not be a basic design 
requirement. An example of this contingency is the 
special piston shown in Fig. 5. In the original design, 
the ring D had a larger diameter than the main body, so 
that it had to protrude from the lapping discs and tended 
to tilt the whole component. The design was modified 
to reduce diameter D to that of the main body so that the 
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Fig. 3. Connecting rod 
ends can be lapped on 
both faces if both ends 
have equal thickness. 


(Dimensions in mm) 
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Fig. 6. Lubricating pump bore can be lapped if it is carried 


through body and plugged later. 
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Fig. 7. In order to make 

lapping practicable, the 

conical portion in the 

sleeve is replaced by a 
recess. 
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component is correctly located, with a consequent 
steadier running and smoother lapping. 


Similar principles apply to internal lapping. Bores 
open on both ends are preferred and in the case of 
cylinders, removable cylinder heads answer this require- 
ment. In the case of the small oil pump cylinder in 
Fig. 6, the bore should be continued right through the 
body, lapped and then closed by means of a screwed plug. 
Lapping of the bore is thus made practicable without any 
change in the final component form. Yet another 
example is the sleeve shown in Fig. 7 which has a 
conical portion adjacent to the bore requiring lapping. 
Lapping under these conditions is not practicable. 
If, however, the conical portion is replaced by a recess, 
slightly larger in diameter than the bore, lapping 
becomes a feasible and simple operation. 

It is very much easier to incorporate these require- 
ments in the original designs rather than modify existing 
designs at a later stage, as frequently other parts may 
then be affected. The possibility of producing highly 
finished surfaces by lapping should therefore be con- 
sidered at an early stage in designing. This should not 
present undue difficulties as the product design require- 
ments for most forms of lapping are simple and easily 
provided for. 
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Construction and Applications of Ball Bearing Screws 
By G. ScuuLz. (From Werkstatt und Betrieb, Vol. 84, No. 6, June, 1951, pp. 255-256, 7 illustrations.) 


ATTEMPTS to combine the advantages of rolling friction 
with screw-motion have hitherto failed efficiently to 
solve the problem of providing a suitable return 
mechanism for the balls. The design to be described 
is Claimed to have overcome these difficulties. 

Fig. 1 shows the construction of a “ ball-bearing 
screw.” The square female thread a is wide enough to 
carry the male thread e with rows of balls f and g on 
either side. According to the direction of motion, 

either f or g carry the load. Fig. 2 shows how an 
endless chain of balls is formed by means of the end- 
guides h, and h,. If the system is inverted so that the 








OE ES 


a female thread ; 6 shaft; c screw; d thread 
ina; e thread onc; f and g rows of balls ; 
h end guide for balls. 


guides are fixed to the female part, we get a “ ball- 
bearing nut.” Fig. 3 shows a section through a ball- 
bearing nut. The two systems, of course, obey the 
same mechanical laws. 

A ball-bearing screw offers the same advantages over 
ordinary power screws as does a ball-bearing over plain 
bearings. Frictional resistances are not only smaller, 
but are the same at any speed. There is no need for 
lubrication, and maintenance requirements are negligible. 
Tolerances need not be closer than for normal screws of 
similar dimensions. A play of d/20, where d is the 
diameter of the balls, gives very satisfactory results, 
while plays of d/10 are not recommended. 

A drawback, though not a serious one, is that ball- 
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bearing screws must be built slightly larger than 
ordinary power screws of the same duty. The aim of a 
sufficiently large pitch and small pitch angle can only be 
achieved by increasing the diameter. This is not 
necessarily a disadvantage, as the thread spindle can be 
made hollow, and the space used for the drive and 
reduction gearing, thus also making possible the sealing 
of the whole unit against dust and moisture. 

The thread components could be cast or diecast, 
thereby considerably reducing production costs. The 
thread flanks must however be made of steel, as a high 
Brinell hardness (about 650) is desirable. 





Fig. 1. Construction of a ball-bearing Fig. 2. Developed view of endless Fig. 3. Construction of a ball-bearing 
screw. ball chain. 
f unloaded zone; g zone under load ; 
hi, he end guides. 


a spindle ; c nut; d male thread ; e female 
thread ; f and g rows of balls ; 4 end guide. 


For heavy duty, a ball-bearing screw offers consider- 
able saving in power, but it is also suitable for light 
duties, and may thus provide an alternative to hydraulic 
devices in fields where these are predominant at present. 

Some further examples of the application of ball- 
bearing screws are given in the article. They may be 
used e.g., as wagon-tippers. 

An interesting application is their use in shipbuilding 
in place of the usual cumbersome ship-lifting gear. 
They can be employed in motor-car steering, in tippers 
or for the actuation of extending ladders. Another 
wide field of application is their use in conjunction with 
automatic steering devices, railway signalling equipment 
or traffic control apparatus. 
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Cams and Followers for High-speed Internal Combustion 
Engines 


By E. FUHRMANN. (From Maschinenbau und Warmewirtschaft, Vol. 6, No. 8, August, 1951, pp. 126-134, 
9 illustrations.) 


The usual cam shapes constructed from circular arcs and straight lines are not generally suitable for the 
heavily loaded high-speed valve mechanisms of racing car and aircraft engines. In high-speed engines 
with conventional cams, trouble is apt to occur owing to spring surging and excessive wear of the cam flanks. 


DEVELOPMENT work was carried out on three basic 
types of cams :—(1) cams with- swinging links ; (2) 
integral or floating cams ; and (3) cams with contours 
specially designed for easy and accurate manufacture. 

The general procedure is to evolve a cam shape 
giving a valve lift curve with specified velocity and 
acceleration characteristics. The simple circular-arc 
type cam is avoided, this being in no way contradictory 
to the requirements of cam manufacture. 

In regard to cams of the swinging link type, mention 
should be made of the various cam forms developed by 
Hussmann, which maintain at low values the additional 
loads on the valve spring due to the swinging lever. 
Hussmann found that many harmonic cams and valve 
lift diagrams have suitable characteristics, that is, 
a large number of derivatives with respect to time which 
show no discontinuities or sudden changes. The 
valve lift curves of these cams will, therefore, only 
excite vibrations of small amplitude for the harmonic 
orders comprised within the speed range. 

When high lift values are required, lower loads on the 
cam flanks and springs can be obtained by designing the 
valve mechanism so that the excess of the spring force 
over the inertia force is kept as small as possible during 
the period of negative acceleration, at maximum speed. 
This principle was used by Eberan in suggesting that 
the shape of the negative acceleration curve should be 
adapted to the spring characteristic, in order to produce 
an “integral” cam. In an unpublished report. 
Mickl regarded the follower and spring as freely 
oscillating elements and proved that, for a linear spring 
characteristic and a sinusoidal follower displacement, at a 
given speed known as the “ floating ’’ speed, the spring 
force and the decelerating force can be equal over the 
entire path of negative acceleration. An investigation 
of parabola-sine cams, which have a parabolic rise and a 
sine-shaped decelerating path, was made by Eberan 
using this method, in another unpublished report. 

The objections against the use of harmonically 
analysed valve lifts and accurately determined 
acceleration curves are, generally, that with ordinary 
manufacturing accuracy the valve lift already deviates 
appreciably from the calculated values, and this applies 
to an even greater extent to the acceleration curves and 
the exciting forces. It was, therefore, endeavoured to 
produce lift curves and cam contours which would 
primarily facilitate accurate manufacturing. Schlaefke, 
on the basis of a calculation showing the influence of 
machining accuracy, suggested a valve lift with an 
acceleration curve constructed from parabolae. 


OBJECT OF INVESTIGATION 


Floating cams have already been operated at camshaft 
speeds exceeding 5000 rpm. Although the 7th order 
harmonic was in the running range, the limit was due 
not to spring failure but to excessive wear on the cam 
flanks. It appears justified, therefore, to follow further 
the course indicated by Eberan and to adopt the 
floating cam for heavily loaded high-speed cam 
mechanisms. 

This article will thus mainly deal with floating cams 
of the symmetrical sine type acting on centrally driven 
flat or round followers. The influence of the factors 
affecting the valve acceleration curve, the spring forces, 
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the cam shape and pressure will be studied. Moreover, 
a comparison will be made of the sine type cam and the 
cam constructed from circular arcs, as well as of flat- 
footed and round followers, and the effect of a rocker- 
arm transmission will also be considered. 


THE SINUSOIDAL CAM 


A sinusoidal cam and follower system is required to 
give a valve displacement curve consisting of two sine- 
shaped branches of equal duration. These two sine 
curves: y, r, sin ka and y, = r, sin kx can be 
regarded as being generated by two vectors r, and r,, 
which rotate with a velocity equal to & times the camshaft 
speed. For k = 1, using a flat-footed follower, the cam 


| Fig. 1. Symbols used 
for cam and follower. 





shape obtained can be constructed with circular arcs. 

Full lift is at the angle %). If ¢ is the acceleration ratio, 

& t is the displacement due to the first sine curve, 

and (1 — t)a% that due to the second (Fig. 2). The 

follower will have a positive acceleration over the first 
~ —— 1] + 
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Fig. 2. Construction of displacement curve of sinusoidal 
cam from two sine curves. 
AB: positive acceleration. BC: negative acceleration. 
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sine curve and a negative acceleration along the second 
sine curve, if 1 — t < m/(2ka) and tS 7/(2ka%,). 
For floating cams, only displacement curves of this type 
can be used (see upper part of Fig. 3). 

The spring force increases linearly with displace- 
ment. Since, for any sinusoidal cam, the negative 
acceleration force is also proportional to displacement 
(see lower part of Fig. 2, every sinusoidal cam with a 
suitable spring will operate as a floating cam, that is, 
its spring force will be equal to the inertia force over the 
entire curve portion where acceleration is negative. 
From Fig. 2, it is evident that the valve lift is then 

vo = h—r 1 — cos ka) 
and the inertia force is 
P. = Mm, Vo = Myre w* k? cos ka. 
where w = angular velocity of the cam. By eliminating 
%, a straight line is obtained for the spring characteristic 
of the floating cam :— 


F, = P, = m,k? w[y. 1- (re —h)] .- (1) 
Thus, every sinusoidal cam will operate as a floating 
cam if its preloaded length is r, — h, its preload 


F, — m,k* w* (rz — h), and its terminal load 
Fo = m,f, k* w*. 

The effects of shock loads due to valve lash, and other 
loads caused by gas forces and frictional forces, will not 
betakenintoaccount. An idea ofthe order of magnitude 
of the effect of friction may be obtained from the 
observation that, in some of the cam mechanisms tested, 
the calculated limit for speed was found to be about 10 
per cent higher than the speeds at which the follower 
was seen leaving the cam, under stroboscopic examina- 
tion. 


DESIGN FORMULAE FOR SINUSOIDAL 
CAMS 


Valve displacement : The path with positive accelera- 
tion, from % = (1 — t)& to « Q&; is determined by 
y¥, = r, [1 — cos R(&) — &)] ws (2) 
and the path with negative acceleration, from « 0 to 
% (1 — t) &, by 
Ve — h—rl— cos ka) ~« 2B) 
The point of inflexion B of the displacement curve is 
not generally situated on the straight line AC. This 
case occurs only when t 0°5, and the erroneous 
assumption that this was true for all cases is the source of 
the inaccuracies in the formulae given by Eberan. 
Vectors r, andr, : For a smooth cam shape, without 
discontinuities or sharp bends, the height and slope of 
the displacement curve must be the same on either side 
of point B (where « = (1 —2)%. Thus, 
yep = h—r,[1 — cos(1 — 2 Re] 
= r,(1 — cos tk &) 
— ya’ = Rr, sin (1 — t) k& = Rr, sint ka 
and therefore 
r, = (h/2) [cotan f, cotan f, | 1] ia 6a) 
r, = (h/2) [cotan (f. —f,) cotan f, + 1} (3b) 
where f, = tka /2 and f, = ka,/2. In Fig. 3, the 
vectors r,/h are plotted against ka, for values of tr from 
01 to 0°9. It is already apparent from eqs. (2a) and 
(2b) that r,/h for k = x is equal to r./h for k = 1 — x. 
The limits r, = h (the preload F, of a floating spring is 
zero) and 1 —t = 7/(2ka») are also given in the figure. 
7alve velocity and acceleration : 


v, — ¥) — —rkw sin R(%—o).. (4a) 
V2 — Yo = — rokw sin ke. .. (4b) 
b= vi = r,k?w* cos R(% — ~%) .. (5a) 
by = Yo = — rok®w® cos ka .. (5b) 


bin ax = b= r; Rk? w 3 bomax = bc — Fy R? w? (5c, 5d) 
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t,/h FOR t 1S EQUAL TO 5/h FOR I-t 


_/ PRELOAD OF FLOATING CAM: F, =0 


It = 1/2ko, 
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ox, [ar 
Fig. 3. Vectors r/h and valve diagram ratio /:,,/h of 
displacement curve. 


Valve diagram ratio h,,/h : The shape of the valve 
lift diagram affects the air delivery ratio and the engine 
power. It is desirable to obtain as full a diagram as 
possible. The ratio h,,/h of the mean lift to the full 
valve lift is a useful indication in this regard. The 
mean valve lift is taken over the entire valve opening 
period :— 

Lo 


1 
h,=-— | y(a)dx 


Lo 


and the valve diagram ratio is obtained as 
t sin ad = DRX —_ @! — t) sin tha 
h,,/h = (6) 
sin (1 — DRo& + sin tha& + sin R& 
Fig. 3 gives this ratio plotted against ka, for values of t 
between 0°1 and 0°9. For t = 0°'5, h,,/h is constant. 
It decreases with increasing values of ka, for t< 05 
and increases for t > 0°5. 


SPRING CHARACTERISTICS 


The subscripts A, B and C denote the spring forces F 
acting at the corresponding points in the diagram. 
Forces will be measured in kg, and the total mass m, 
referred to the valve side will be in kgsec?/cm. 

The terminal spring force should be kept as low as 
possible, in order to obtain lightly loaded springs for 
given outer dimensions with small spring masses. The 
springs should have a high natural frequency, to avoid 
large-amplitude resonant vibrations, which result in 
increased loading and tend to prevent positive contact 
between the cam and its follower. 


Spring force ratio : From eq. (1) we obtain 
€ = Fy/Feo = (r2 — h)/re a (7) 
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This ratio is also plotted as an 
ordinate in Fig. 3. For % = 63 
deg., which is the usual opening 
angle for cams,with tr = 0°1 to 0'5 
and k = 1 (with a flat follower 
this gives the circular-arc type 
cam), the spring force ratio is 
e = 05 to 0°7, and this corres- 
ponds to a very flat spring 
characteristic. For floating 
cams having steeper character- 
istics, it is therefore necessary 
to avoid the simpler cam shapes. 
The value of « decreases with 
larger k values. 


Spring stiffness : The spring 
rate or stiffness is determined 
from eq. (1) as 

c = force/deflection i— 
= Mk? w*/rs = m,k*w* (8) 
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Thus, for floating cams, the ; 
spring stiffness increases as k’. 


Terminal spring load: For 
floating cams, this is equal to the 
mass force effective at point C. Therefore, 

Fo = Pe =n, bc = m1 ho" (9a) 
This load is, by definition, the smallest that can be used 
at full lift for this cam shape. For a given terminal 
spring load, non-floating cams will have greater «-values 
in all cases. If springs with steeper characteristics and 
smaller « values are used, the spring force curve will 
rotate about the point B in Fig. 2, and the terminal 
spring load is increased correspondingly. The value of 
F, for such springs is obtained as follows :—Since 
‘Je > (Fo — Fa)/(Fs — Fa) and Fy «Fc, we 
ave 


Fo = h Fs/[ya (1 — ©) 1 € A] 
and as Fg = m,1r, k? w* cos (1 — t) R& 
and vs — h—r,[1—cos(l1—DR wH] 


Mm, 1, k? w® cos (1 — thk X& 
Fo = (9b) 
1 — (ro/h) [1 — cos (1—t) kk & (1 — 8] 
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Fig. 6. Acceleration ba/h«? and terminal spring force Fc/hm)«2 
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Fig. 4. Boundary lines for hollow cams. 


The field of each hollow cam is above its 
corresponding boundary line. 


u/h 3 = 3 (usi)/r 4 
Fig. 5. Boundary lines for pointed cams. 


The field of each pointed cam is above its 
corresponding boundary line. 


The terminal spring load Fg is also indicated in Fig. 6 
for springs with a steeper characteristic than the floating 
springs. For given values of the diagram ratio h,,,/h and 
the spring force ratio «, the F, values for these springs 
decrease with increasing k. 
Natural frequency of spring : The surging frequency 
of a cylindrical spiral spring is given by 
n, = Nd/(2m7z D*) = Nr/(2G8) [eps] 
In this expression, N = , /gG/(2y); g = 981 [cm/sec’] ; 
: - 83 x 10° [kg/cm?] = modulus of rigidity ; 
density = 7:85 10° [kg/cm*]; d = wire 
‘anemia [cm]; D = coil diameter [cm]; z = number of 
turns; 6 = spring travel [cm]; 7 torsional stress 
[kg/cm?]. According to Fig. 2, 
(Fo — Fa)/Fco = h/8, and as F,/Fo = «€ : 
1/8 = (1 — ©)/hA, and therefore 
= 0137 r(1 — &)/h = 0'137 tw/h, (10) 
aise Tw — maximum permissible dynamic stress in 
kg/cm*. The above formula disregards the increase in 
stress due to the curvature of the wire, which depends 
on the ratio of the wire diameter to the coil diameter. 
For a given value of h, the spring frequency increases 
with higher values of 7 and lower values of «. However, 
both 7 and « are related to the permissible dynamic 
stress. Thus, since tw becomes smaller with increasing 
values of «, higher values for the natural frequency can 
be obtained with smaller «-values. A further advantage 
with low values of ¢« is that a smaller spring force is 
obtained in the accelerating portion of the diagram, 
and this reduces the possibility of valve chatter against 
the valve seat. 


CAM SHAPE AND CAM STRESSES 
The following notation will be used :— p,, ps [cm] 
radii of curvature of the cam flanks ; u = fgg of base 
circle [cm] ; s = radius of guage [cm] ; p = pressure 
on cam flank ke icm*]; L = cam ae [cm] ; or 
tappet lift/valve lift ratio. 


Radii of curvature for cams with centrally-located 
round (roller or mushroom type) followers : The curve 
of the roller centres has the same centres of curvature 
as the cam contour. The cam radii are smaller by an 
amount equal to the roller radius (or greater by the same 
amount for hollow cams). Using R and @ as polar 
co-ordinates for the roller centre relatively to the 


(Continued on page 348) 
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ACOUSTICS 


The Relation between Vortex Noise and Wind 
Resistance 


By W. W. voN WITTERN. (From Technical Data 
Digest, U.S.A., Vol. 16, No. 9, September, 1951, 
pp. 20-23, 5 illustrations.) 


THE vortex sound generation of rods rotating like 
propeller blades of different profiles was investigated up 
to tip speeds Mach No. 1:0. It was found that the 
rotating blade, as far as the vortex sound field is con- 
cerned, represents a sound source of the first order 
moving on a circle. Out of the periodic variations of 
the sound pressure at different points of the sound 
field, the directivity pattern rotating with the blade was 
determined and found in good agreement with the 
calculated directivity pattern of a dipole rotating on a 
circle. The radiated acoustic power was found to 
increase with the power of the tip speed of the blade. 
Out of the radiated acoustic power and the driving 
power of the rod, the acoustic mechanical efficiency was 
determined. This efficiency as a function of tip speed 
showed a characteristic relation to the aerodynamic 
qualities of the investigated profiles. The frequency 
analysis of the vortex sound showed that aerodynamically 
poor profiles generate a relatively small band of fre- 
quencies around the frequency of the Karman street, 
but aerodynamically good profiles generate a broad 
spectrum. 


BOLTS AND NUTS 


Thermal Bolt Stress Study in a High-Pressure 
Flanged Pipe Joint 


By J. H. Potter and W. W. Eiter. (From Journal of 
the American Society of Naval Engineers, Vol. 63, 
No. 3, August, 1951, pp. 541-553, 10 illustrations.) 


THIS paper reports on a series of temperature runs on a 
high-pressure, high-temperature bolted flanged joint. 
The work was done in the mechanical engineering 
laboratory at the John Hopkins University during 1949. 
Bolt stresses were computed from temperature measure- 
ments in the bolts and flanges. A stream of hot gases 
was introduced in the line containing the flange, the 
stream temperature ranging from 600° F to 1200° F. 
The Reynold’s number varied from 10,000 to 20,000. 

The temperature differential between the flange and 
bolts was found to be small in all cases, and linearly 
related to the stream temperature. The findings are 
compared with those reported earlier by some German 
engineers. 





DIELECTRICS 


Measuring the Dielectric Constant and the Loss 
Angle of Solids at 3000 Mc/s 


By M. Gevers. (From Philips Technical Review, 
Holland, Vol. 13, No. 3, September, 1951, pp. 61-70, 
13 illustrations.) 


THE relative dielectric constant €, and the loss angle 5 of 
a solid dielectric are determined from the detuning and 
the reduction of the quality factor to which a resonant 
Circuit is subject when the dielectric is introduced in the 
electric field of the circuit. Owing to the high frequency 
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at which the measurements are taken (about 3000 Mc/s) a 
cavity resonator is employed instead of a normal resonant 
circuit. This is cylindrical in shape and resonates in 
the E,,, mode. For accurately measuring tand of 
materials with very low losses it is necessary that the 
quality of the cavity resonator prior to the introduction 
of the dielectric should be extremely high. The quality 
factors hitherto reached were never higher than 70 to 
80 per cent of the theoretical value. This is ascribed to 
the fact that the irregularities left in the inner surface 
of the cavity resonator after the mechanical processing 
are greater than the penetration depth of the current 
(1 ») and thus cause the path followed by the current to 
be considerably lengthened. By extremely careful 
finishing of this surface it has now been possible to 
reduce the depth of these irregularities to the order of 
10-° yw, thereby raising the quality factor (17,190) to 
98 per cent of the theoretical value. 

As oscillator a reflex klystron is used, the frequency 
of which is variable within a certain range (3090- 
3260 Mc/s). The calibration has proved to be highly 
constant. A silicon crystal connected to a galvanometer 
is used as detector. 

A table is given showing some measured values of ¢, 
and tan 6 for a number of materials at a frequency of 
over 3000 Mc/s. The accuracy of the measurements for 
€,is - 1 per cent and that for tan 6 is + 1 percent +}. 0°2 

<10-'. In an appendix formulae and graphs are given 
with the aid of which e, and tan 6 can be determined from 
the quantities measured. 


GEARING 


Gear Lubricant—A Constructional Gear Material 


By H. Brox. (From De Ingenieur, Holland, Vol. 63, 
No. 39, September 28, 1951, pp. O.53-0.64, 5 
illustrations.) 


THE power-transmitting capacity of highly loaded tooth 
gears is influenced by their lubrication to such an extent 
that great constructional value is to be attached to the 
gear lubricant. The constructional properties which 
are thus inherent in the gear lubricant manifest them- 
selves both in the dispersing of the lubricant and in the 
state of lubrication of the tooth faces, and likewise in 
their interaction, which shows certain characteristics 
related to heat-engineering. 

The viscosity at the operating temperature is the 
essential constructional property of a gear oil, as far as 
those phenomena that are related to the dispersing of the 
oil are concerned, e.g., throwing-off the oil from the 
tooth faces, power losses due, on the one hand, to the 
expulsion of the oil from between the meshing teeth, 
particularly when the oil is supplied in too great an 
abundance, and, on the other, to the churning of the 
gears in the oil bath. 

Despite the fact that the elastic flattening of the 
meshing tooth faces considerably extends the poten- 
tialities of full fluid film lubrication, the achievement of 
this type of lubrication is counteracted by the generally 
poor degree of conformity of the tooth faces; only 
seldom can this lack of conformity be compensated for 
by high viscosity. Therefore, boundary lubrication is 
characteristic of many highly loaded gears ; fortunately, 
however, satisfactory potentialities are inherent in this 
type of lubrication, particularly where protection against 
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scuffing by means of extreme-pressure oils is concerned. 
For purely mineral oils, it is not viscosity at the operating 
temperature, but viscosity grade that is to be considered 
as roughly indicative of the protection they afford 
against scuffing. 


MATERIALS TESTING 





A new Soviet Method for the Determination of 
Micro-hardness 


By P. Retr. (From Gép, Hungary, Vol. 3, No. 8, 
August, 1951, pp. 83-84, 3 illustrations.) 


MICRO-HARDNESS determination plays an important 
réle in research and production, for the hardness 
measurement of thin surface layers which are not 
susceptible to the usual methods of measurement. 
The two customary procedures used at present, the 
scratch and pressure tests, both have their disadvantages. 
The scratch test does not yield comparable values, 
while pressure tests penetrate through the surface layer, 
giving incorrect results. By reducing the applied load, 
the latter difficulty may be avoided, but the impressions 
become so small that magnification is necessary for 
measurement. Several methods have thus _ been 
developed, which consist in measuring an impression 
made by a suitably shaped diamond point, by means of a 
microscope. 

The principal drawback of these methods is the 
difficulty of forming the diamond point. With the 
usual pyramidal shape of the tool, the four sides cannot 
be brought to a common point, and even with the most 
careful grinding, an edge formation of about 0°5 yu is 
unavoidable. As the diameter of some impressions may 
be of the order of only 3, this edge will appreciably 
affect the hardness values obtained. 

These considerations have led to the development of a 
new form of diamond point, in the shape of a pyramid 
based on an equilateral triangle. The angles are so 
chosen that the area of impression for a given pressure 
is the same as that for the Vickers diamond, i.e., the 
height of the base triangle is 0°866a, and the height of the 
pyramid is 0°135a, where a is one side of the base 
triangle. 

The hardness figure is thus 

J 2:092P 
H = — kg/mm? = = 
F F 


1:570P 





a 
where P = applied load in kg. 
To determine the hardness, it is therefore sufficient 
to measure the height / of the indentation. Comparison 
with values obtained by the Vickers diamond for five 
different materials and over a range of 2 to 1000 grams 
load shows close agreement between the two methods. 
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Investigation of the Resistance to Deformation of 
Metals and Alloys 


By G. WALLquist. (From fernkontorets Annaler, 
Sweden, Vol. 135, No. 6, June, 1951, pp. 197-217, 
46 illustrations.) 


A REPORT is given on preliminary investigations aimed at 
developing simple methods for determining the resistance 
to deformation of metals and alloys on application of 
static load or impact. 39 different materials—7 carbon 
steels, 25 alloy steels, aluminium, copper, brass and 4 
aluminium alloys—were tested at different temperatures. 
In all experiments, the size of the test piece was 10 « 10 

50 mm. 

In the static tests, a 90 deg. edge was pressed into 
the surface, of the test piece with an applied load of 
1,500 kg. The dynamic tests were performed as impact 
tests with a 60 deg. edge and an impact energy of 5 kgm. 
The depth of the impression obtained was used as a 
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measure of the deformability. The results are 
represented in diagrams. 

The method is intended as a technological test and 
does not give exact values of the resistance against 
deformation. 


WELDING 


Explosion Bulge Test Studies of the Deformation 
of Welds 


By C. E. HARTBOWER and W. S. PELLINI. (From 
The Welding Fournal, U.S.A., Vol. 30, No. 6, Tune, 
1951, pp. 307-s—318-s, 17 illustrations.) 


A METHOD has been developed for semi-works-scale 
testing of full welds in heavy plate under combined 
stress conditions such as prevail in structures. The 
test features the bulging of welded plate in diaphragm 
fashion. Uniform loading of the test plate is accom- 
plished by means of an air-blast set up by the detonation 
of an explosive. By modification of bulge geometry it is 
possible to obtain a wide range of stress fields. 

Photogrid deformation studies of prime and butt- 
welded plates, } in. thick, have been made on spherical 
and ellipsoidal bulges which provided conditions of 
balanced (1 : 1) and unbalanced (0°8 : 1) stress fields. 
The test welds consisted of a firebox-grade steel joined 
by means of single-pass submerged-arc welds and also 
by manual double-V butt welds. The welds investigated 
provided conditions of closely matching and of over- 
matching weld metal-parent plate flow strengths. 

It has been demonstrated that the stress and strain 
states imposed by the loading conditions are not accepted 
as such by the weld joint. Depending on the over- 
matching characteristics of the weld and its geometry, a 
system of stress and strain entirely foreign to the 
remainder of the structure may be developed in the 
weld and near weld regions. 

The significance of these findings is discussed in 
terms of weld performance evaluation. 





PROBLEMS ARISING IN STORAGE AND 
HANDLING OF PULVERIZED MATERIALS 


(Concluded from page 333) 


pellets, heating the pellets continuously in one vessel 
for continuous recovery of their heat. The cooled 
pellets are then fed back into the top of the first vessel 
to be reheated. 

The problem has not yet been worked out entirely 
satisfactorily for as high temperatures as desired because 
of difficulties with pellets sticking and short-circuiting, 
such as was described in grain flow. The thixotrophic 
concept applied quantitatively to the sticking, whether 
caused by high-temperature fusion or by impurities in 
the gases, will be useful. Advances in our under- 
standing of the flow of granular solids will help in handling 
the pellets from vessel to vessel without short-circuiting. 


REFERENCES. 

(1) “The Flow of Muds, Sludges and Suspensions in Circular 
Pipes,” by D. H. CALDWELL and H. E. BaBBITT, Transactions 
American Institute of Chemical Engineers, Vol. 37, No. 2, April 25, 
1941, p. 247. 

(2) ‘* Industrial Rheology and Rheological Structures,” by E. GREEN, 
;ohn Wiley & Sons, New York, 1949, pp. 45-72, 90. 

(3) “* Walls, Bins and Grain Elevators,” by M. S. KETCHUM, 
third edition, McGraw-Hill Book Company, New York, 1929, 
p. 4. 

(4) Ibid., p. 344. 

(5) Ibid., p. 297. 

(6) ‘Conveyors and Related Equipment,” by W. G. Hupson, 
second edition, John Wiley & Sons, New York, 1949, p. 429. 

(7) ‘* Industrial Dust.” P. DRINKER and T. Hatcu, McGraw Hill, 
New York, 1936, p. 3. 

(8) ‘* Concrete Engineers’ Handbook,” by G. A. Hoor and N. C. 
JOHNSON, McGraw-Hill Book Company, New York, 1937, p. 805. 

(9) “Ten Lectures on Theoretical Rheology,” by M. REINER, 
Rubin Mass, Jerusalem, 1943, p. 137. 
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The Eltromatig 


The Eltromatic Production Lathe has electronic control — 
the%only method of maintaining constant cutting speeds whatever 
the diameter of the work. It is completely reliable, requires 
no more maintenance than an ordinary lathe, and makes 
possible the most efficient use of carbide tools. 
Short delivery times. 


PRODUCTION 


LATHE 

constant 
cutting 

speed 





Short Specification of the MUELLER ELTROMATIC 
Height of Centre 84in. - 10in. - 12in. 
Distance between‘centres 2ft. to 8ft. 
Motor Bret Sice. 





B-P-S MACHINERY & SPARES CO LTD 
56 GEORGE STREET LONDON W1+ WEL 2004-4731 
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EUROPEAN MACHINE TOOL EXHIBITION 


PARIS, 1st—10th September, 1951 


Technical progress by Machine Tool Makers in about 20 countries was noted throughout this 
Exhibition. A few representative designs were given last month, and a few more machines are 
illustrated and described below. 


C. W. B., Paris, manufacturers of heavy boring 
and milling machines, showed their planer type boring 
and milling machine, Model FAP 140/95. The 
machine was operating, being set up for the complete 
machining of a four-cylinder Diesel engine crankcase. 
An interesting part of the operation was the milling of 
bearing bores to very fine limits. The manufacturers 
claim that by substituting this machine for the planers 
and boring and drilling machines previously used, the 
- machining and handling time is reduced from 76 to 
11 hours. 





The machine is very robust and unusually versatile, 
and the principle of unit construction is used in its 
design. The headstock and support columns are 
movable along beds parallel to the spindle axis, the latter 
being perpendicular to and on each side of the main 
work-table. All the machine controls are centralised 
on a large pendant control box. This enables the 
operator to actuate instantaneously all movements, 
speeds, feeds, as well as clamping from any convenient 
position on or around the machine. There is a choice of 
four types of feeds from very fine feed for positioning 
to rapid traverse. The spindle speeds are steplessly 
variable and can be adjusted during cutting. An 
interesting optical device is used for precision alignment 
of spindle and end support. A large variety of attach- 
ments, including turret heads, turning heads, drilling, 
milling and facing heads and rotary indexing tables, is 
available. The table travel of this model is 137 in. and 
the vertical spindle adjustment is 87 in. The spindle 
diameter is 54 in. and its speed ranges from 6 to 1000 
Ye The total weight of the machine is approximately 

tons. 


Aarhus Motor Co., Aarhus, manufacturers of 
engine reconditioning machines, showed the AMC 
crankshaft regrinder Model K 1400. It is a robust and 
adaptable machine, capable of accommodating crank- 
shafts up to 55 in. long, and has a swing of 19} in. over 
the table. The maximum weight of crankshafts is 
given as 335 lb, the crankshaft being held in 7} in. 
universal three-jaw chucks with angular and linear 
adjustment. The back plates are graduated 360 degrees 
and all crank pins can be ground at one setting without 
having to loosen the chucks. The crankshaft is there- 
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fore set to the correct throw once only. The wheelhead 
has a spindle mounted on double-row precision roller 
and angular contact ball bearings and uses a 24-in. 
diameter grinding wheel. The machine can be provided 
with various crank centering devices, steady rests and 
automatic sizing gauges, and its relatively simple 
construction makes it easy to operate. The fine wheel 
feed and table traverse are said to give the ground 
surface a high-quality finish. 


Gendron Freres S.A., Villeurbanne, showed 
their cylindrical grinding machine Cymatic RA 10-45. 
Its most interesting feature is the fluid bearing, two of 
these being used in the wheelhead. The bearing wall 
contains several pockets, separated by an equal number 
of grooves. The latter are connected to atmosphere, so 
that there is no fluid pressure in them. The pockets, 
on the other hand, are filled with a fluid under pressure. 
When a load is applied to the shaft and it is forced 
towards one of the pockets, the distance between the 
shaft and the walls of the pocket decreases, the passage 
of fluid to the adjacent grooves is restricted, and 
pressure is built up. The shaft is thus forced to its 
original position. A continuous film is obtained, and 
metal-to-metal contact avoided. The resulting advan- 
tages are rigidity, high accuracy, absence of wear, and 
cool running. Further, this spindle bearing design 
facilitates camber roll grinding and other similar opera- 
tions. 


The machine incorporates an electronic automatic 
sizing device known as “‘ Stop-Cote,” for the automatic 
grinding of work to pre-set tolerances, and several other 
refinements such as a hydraulically operated back 
centre. This is controlled by a foot pedal switch, and 
the load on the back centre can be varied. The maxi- 
mum diameter of work is 4 in. and maximum length 
between centres approximately 18 in. The grinding 
wheel spindle has two speeds and the workhead has four 
speeds ranging from 125 to 800 rpm. The grinding 
wheel diameter is 18 in. 


Verkaufs-A.G. “ Pee-Wee ”-“ Grob,” Konstanz 
a.B., showed the ‘“‘ Pee-Wee ” thread rolling machine, 
Model III. The machine can be used for the rolling of 
threads from ; in. to 3 in. in diameter with pitches 
ranging from 30 tpi to 5 tpi. It is also suitable for 
knurling, profile rolling, serrating and burnishing. 
Threads produced by this cold-forming process instead 
of by the more usual cutting processes have the advantages 
of improved grain structure, higher tensile strength and 
hardness, and improved surface finish. The machine 
uses two hardened and ground thread rolls, which are 
pressed into the part to be threaded under hydraulic 
pressure adjustable up to 15 tons. Their speed is 
steplessly variable between 15 and 70 rpm. The work 
is normally supported on tungsten carbide tipped work 
rest blades. Special equipment is also available for 
mounting the work between centres, the maximum 
length of work being 8 in. An automatic timer is 
used to control the cycle, which has to be adiusted 
according to the diameter, length, pitch, and tensile 
strength of the component. The accuracy of the dia- 
meter of the rolled threads depends on the accuracy of 
the blank diameter and can be kept within limits of 
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RADIAL DRILLS 


: and all the features needed for really fast production 
combined with simplicity of operation. Speeds pre-selected at 
any time with the spindle running or stationary (16 speeds 
ranging from 15-1500 r.p.m.). A single knob gives six rates of 
automatic feed from 24 to 400 r.p.i. Power feed engaged by a 
simple movement. Ample power from 7 h.p. built-in motor. 
Capacity up to 3 in. dia. in mild steel. Spindle radius 4 ft., 
5 ft., 6 ft., or 7 ft., as desired. 


JAS. ARCHDALE & CO. LTD., BIRMINGHAM, 16 


Telephone: EDGBASTON 2276 (3 lines). Telegrams : ARCHDALE, BIRMINGHAM 
SOLE SELLING AGENTS : ALFRED HERBERT, LTD., COVENTRY 
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{- 00005 in. Pitch accuracy is + 0-0004 in. per 1 in. 
length of thread. The hourly output of the machine is 
very high. For example, parts having a 30 tpi thread 
} in. long, can be produced at the rate of 700 per hour. 
A coarse thread of 8 tpi, 3 in. long, can be produced at 
the rate of 150 per hour. The production rates can be 
further increased by automatic magazine feeds. 


C. Galdabini, Gallarate, manufacturers of 
hydraulic presses and hydraulic tensile testing machines, 
showed a 50-ton hydraulic open side press, particularly 
suitable for deep-drawing of small and medium-size 
components. The deepest draw on this machine is 
6in. The ram movement is controlled by a foot pedal 
and this control, together with the rapid approach 
movement, permits very high production rates. The 
manufacturers claim that a maximum of 16 strokes per 
minute, depending on the drawing depth, can be 
achieved. A similar press can be used for broaching, 
pressing, assembly work, etc. 





—_—e 
Po 


For capacities of 80 to 1000 tons, the presses are 
manufactured with a closed type frame for added 
strength. These machines still retain high working 
speeds and have very sensitive ram pressure and speed 
control. They can be operated on a semi-automatic or 
fully automatic cycle. The maximum length of stroke 
on the largest machine is 52 in., the distance between 
columns 100 in. and the deepest draw 24 in. 


Westdeutsche Werkzeugmaschinen A.G. (WE- 
WAG), Diisseldorf, displayed the heavy-duty gear 
hobbing machine, Model HRF II. The machine 
is rigidly constructed, and both the column and cross- 
rail incorporate hydraulic clamping to avoid vibration 
during heavy cuts. The column is hydraulically 
operated to facilitate setting up. The fixed table has an 
exceptionally heavy bearing and is provided with a large 
dividing plate. Speeds and feeds are steplessly variable 
and their magnitudes are indicated on the handwheels. 
Rapid traverse is available for all movements and is 
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put into action by lever operation. All controls are 
placed on the front of the machine within easy reach 
from the operating position. A useful feature of the 
machine is a lamp, built into the cross-rail and so 
protected against accidental damage. 

The machine can use cutters up to 7 in. in diameter 
and accommodates work of 23 in. to 29} in. diameter, 
with widths between 5} in. and 15} in., depending on the 
type of gear to be cut. The pitch range is 3 to 12 
module. The main drive is from a 7} hp motor through 
a PIV gear. The spindle speeds can be steplessly 
varied between 27 and 160 rpm, and feeds per revolution 
of work are variable in the range of 0-04 in. to 0-394 in. 


Joh. Friedrich Ohler, Remscheid, showed a new 
cold-sawing machine type K 400. The saw unit is 
mounted on a portal type frame, incorporating two 
ground columns, so that it feeds vertically downwards. 
This construction has the advantage of a favourable, 
symmetrical cutting force distribution in the machine 
frame and shortest cutting distance for a given work 
cross-section, since the work is clamped directly below 
the centre of the saw blade, and the feed thrust tends to 
press the work into a vee, formed by the base plate and 
vice jaws. The standard machine is manually operated 
and the operator has only to feed the material and actuate 
one lever which controls the vice and the saw carriage 
feed. After the cut is completed, the saw carriage 
rapidly returns to the upper position and the vice is 
opened automatically. Fully automatic models of the 
machine are also available. The saw carriage feed is 
hydraulic and steplessly variable between 0 and 20 ipm. 
Four saw speeds are provided by a sliding gear, giving a 
maximum peripheral speed on the saw blade of 130 fpm. 
Saw blades of 12 in. and 16 in. diameter are used on two 
models. They have a maximum capacity of 3} in. and 
5 in. diameter, and 6in. ~ 3 in. and 8in. x 4 in. on flat 
sections, respectively. 


S.A. des Ateliers de Constructions Mécaniques, 
Reiden-Lucerne, displayed their ‘“‘ blade grinding’’ 
and surface grinding machine. It has a vertically 
mounted grinding spindle housed in a travelling carriage 
equipped with ball bearings, and the work is placed on a 
table within the machine bed. The grinding therefore 
takes place below the level of the carriage ways, giving 
longer life to delicate and vulnerable parts of the 
machine. Segmental wheels are used for rough 
grinding and cup wheels for finish grinding. On the 
larger models, these two wheels are simultaneously 
mounted on one spindle, and the change-over from 
rough to finish grinding is very rapid. The whole 
grinding spindle assembly with the wheel and motor is 
hinged and can be swung back to facilitate dressing or 
replacement of grinding wheels. The carriage is 
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CALTEX REGAL OILS (R & O) are manufactured You are invited to call for the services of a Regent 
by specialised processes to keep lubricating systems Lubrication Engineer to help you ” greater efficiency 
clean, bearing temperatures normal, and governing and economy in the operation of your turbines and 


action instantly responsive. other power plants. 


Regal Oils contain an inhibitor which gives added 
Ls resistance to oxidation, thereby minimising sludge 
formation. 
2] Regal Oils prevent rusting in lubrication systems. 
Regal Oils assure rapid separation of air and 
6 water, thereby checking foaming tendencies. (R & 0) 


REGAL OILS (R & 0) ARE PART OF REGENT’S RELIABLE SERVICE TO ENGINEERING; IN ADDITION, A FULL RANGE OF a= 
PETROLEUM PRODUCTS IS AVAILABLE FOR THE EFFICIENT OPERATION OF YOUR POWER PLANT. wd : 


REGENT OIL COMPANY LIMITED, 117 PARK STREET, LONDON, W.1. 














Optical reading direct to 0.00005 in 


on a 4 in, glass scale. Any number 
of measurements over a 4 in. range 
of sizes are made on one standard 


setting. 





Suitable for plane, cylindrical, tapered and 
threaded work. Capacities: 7/16th— 10 in. 
internal, O— 14 in. external diameters. 


Write for lists ED/28 for further details. 


HILGER & WATTS LTD. 


Member of the Export Marketing Company — BESTEC = 
WATTS DIVISION <: 48 ADDINGTON - SQUARE - LONDON °: S.E.5 
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traversed either mechanically through a motor-driven 
worm gear and chain, giving a constant feed rate, or 
hydraulically with a steplessly variable feed rate; the 
latter method is used on the larger sizes only. A copious 
supply of coolant is provided for in the design of the 
machine. A range of special knife chucks and clamps is 
available, including one of a swivelling type enabling two 
faces of a blade to be ground without reclamping and 
another incorporating an electro-magnetic chuck. 





Knives up to 10 in. wide with maximum lengths from 
32 in. to 185 in. can be accommodated on a range of ten 
machine sizes. The machines are specially suitable for 
rough and fine finish grinding of stripping knives, 
veneer, paper and cardboard knives, wood cleavers and 
other blades. A very fine finish, giving improved knife 
performance and longer life, is claimed. 


Hahn & Kolb, Stuttgart also showed a range of 
‘** Alfing ” fine boring machines for horizontal and 
vertical operation. The machines are hydraulically 
operated and are controlled by an electro-hydraulic 
system. A large variety of movements and operations 
can be carried out entirely automatically after setting 
stops to the required positions. Milling heads and 
turning equipment can also be accommodated on the 
basic machines, so that complete machining of some 
components can be carried out at one setting. The 
machines shown included a simple horizontal one-sided 
boring machine, a double-sided machine having two 
opposed boring heads, a horizontal boring machine with 
the table traverse movement at right-angles to the spindle 
axis, and a vertical fine boring machine. All these 
machines are produced in a wide range of sizes and can 
> provided with specially designed work-holding 

xtures. 


Cawi & Co., Berlin-Steglitz, showed their patented 
twist drill point grinding machine, capable of accommo- 
dating twist drills from 0°080 in. to 1 in. diameter. The 
point angle can be varied between 90 degrees and 150 
degrees ; the relief angle is also variable and can be read 
off a calibrated scale. The twist drills are held in a 
special chuck which is driven by a bevel gear planetary 
system. Each revolution of the head causes the drill to 
turn one and a half times, so that after every pass the 
leading cutting edges alternate. It is claimed that this 
ensures absolutely symmetrical points, with both cutting 
edges equal in strength and in inclination to the twist 
drill axis. The advantages of such an accurate twist 
drill point include accurately sized holes and in some 
cases elimination of subsequent reaming operations, 
—" drill life between regrinds and a saving in 

rills. 
: Changing from one drill size to another consists only 
in adjusting the chuck, as the drills are clamped directly 
on the lands. This results in considerable time saving, 
as there are no individual bushes or guides for various 
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drill sizes. The workhead is manually operated and, 
after completing the operation, can be withdrawn from 
the grinding wheel by a quick-acting lever. The work- 
head and grinding wheel assembly are mounted on a 
heavy base which houses the electric motor and drive, 
and the coolant installation as well as a spacious tool 
cabinet. 


Kent Cliff Laboratories, New York, exhibited 
their Kentron Tester for Knoop or Vickers hardness 
tests on small metal parts, wire, plastics, glass, jewels, 
etc. The loads applied by dead weights range from 1 to 
10,000 grams, and smooth load application is ensured 
by using an oil dash-pot with a pre-loaded operating 
mechanism. The stage is extremely accurate, enabling 
considerable movement of the specimen without 
disturbing the focussing of the microscope. An indexed 
specimen vice and indexed specimen mounting, together 
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Brazing bushes on chassis cross- 
members—both ends simultaneously. 


Customers, 
Friends— 
or both? 


One production problem solved and two 
more take its place, sometimes from the same 
customer. It’s often like that in Redifon Appli- 
cations labs. The enquiries do not invariably 
result in the sale of more generators because the 
technique of R.F. Heating cannot be applied 
successfully in every case. The Redifon repu- 
tation is built on an impartial approach to every 
heating problem. Let us find out if R.F. can 
help you. If we do not make a sale we shall still 
value the experience —- and the friendly contact. 

















Soldering of six 
studs to bonnet 
flute simultane- 
ously—two-station 


<s working. 


Soldering of petrol 

filler assemblies— Some of the successful applications of R.F. Induction 

vol tg simul- heating developed for a Redifon customer (one of England’s 
biggest manufacturers of motor cars) are illustrated here. 

R.F. Induction heating lends itself particularly to local 

hardening or annealing, soft soldering and brazing. 
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INDUSTRIAL ELECTRONICS DIVISION 
REDIFON LIMITED, BROOMHILL ROAD, WANDSWORTH, LONDON, S. W.18 


Designers and Manduca of Industrial Electronic pone Radio C ica ation Equip 
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with micrometer movements in both directions, facilitate 
location of impressions any time after the test. The 
whole tester can be accurately levelled on three sup- 
porting pads. The metallurgical microscope is a triple 
objective type, with magnifications ranging up to - 1000. 


Rohde & Dérrenberg, Diisseldorf, showed the 
May semi-automatic cutter grinding machine, Model 
M 800. It has exceptionally large capacity in that it can 
be used for grinding milling cutters up to 31} in. in 
diameter having 6 to 60 teeth, and it is suitable for both 
H.S.S. and tungsten carbide inserted teeth. The 
cutters are mounted horizontally between two vertical 
centres, and, owing to the construction of the mounting 
arrangement, vibration during grinding is eliminated 
even with heavy cutters. The teeth can be cylindrically 
and surface ground, backed off, relieved and lapped in 
one setting. The hydraulic indexing of the cutters is 
automatic and the cutters are automatically clamped in 
each position. After one complete revolution, the 
grinding process is stopped automatically. Where a 
number of passes is required, an automatic feed of 
0-:0008 in. to 0-03 in. can be used, and grinding wheel 
wear is automatically compensated for. Two spindles 
rotating in opposite directions are provided so that top, 
back and side rakes can be ground on left or right- 
hand cutters. The grinding wheel spindle is housed 
in a universal mounting permitting full angular 
adjustment. The oscillating head rests on a strong 
manually adjustable slide, which is connected to a 
hydraulic cylinder for automatic operation. The two 
grinding spindles are driven by motors of 14 hp capacity. 


Georg Reicherter, Esslingen am Neckar, showed 
their “‘ Briro-Automat,” a fully automatic Rockwell 
hardness testing machine, eminently suitable for hard- 
ness inspection of parts made in large quantities. The 
load applying stroke of the spindle is operated by an 
electro-hydraulic system, and the number of strokes 
per minute can be adjusted to suit the part being in- 
spected. The duration of load application can similarly 
be varied using a regulating valve. The applied load is 
varied by means of interchangeable springs. The 
hardness value is shown on a scale and there are also 
three coloured signal lamps which can be pre-set to 
indicate ‘“‘ pass,” “soft” and ‘‘hard.” These are 
connected to an automatic sorting device, so that, after 
ejection, individual parts are automatically sorted into 
three hardness groups. Special fixtures incorporating 
ejectors can be employed, so that the operator only loads 
the fixture, the rest of the test proceeding automatically. 
Indexing fixtures, holding a number of components, 
would enable one inspector to operate a number of 
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machines simultaneously. The hourly throughput, 
using simple fixtures, is up to 900 parts in one hour. 


Otto Wolpert-Werke, Ludwigshafen, Rhineland, 
showed a combined pendulum impact tester on which 
both the Charpy test and the Izod test can be carried out 
with the minimum of change-over. This is achieved 
by having a special blade body, which, by turning 
through 180 degrees, presents the appropriate striker for 
the two tests. In addition, the machine can easily be 
adapted for the impact-tensile test. Impact values up 
to 109 ft-lb for the Izod test and up to 217 ft-lb for the 
Charpy test can be read directly on a dial with two scales. 





CAMS AND FOLLOWERS FOR HIGH-SPEED 
INTERNAL COMBUSTION ENGINES 


(Continued from page 342) 
axis of rotation of the cam, as indicated in Fig. 1, we 
obtain 
R=u+twy4+s 
@p Xo — &. 


The radius of curvature of a curve in polar co-ordinates 
is 


pms = (R’? + R®)9/? | [2R’? — RR” + R®] 


where R’ and R” are derivatives with respect to «. 
Therefore, the radius of curvature of the cam flank is 


p=1[(v/w)? + R?}3/? [[2(@/w)* — (bi ‘w?)R+ R?]—s (11a) 
At the points A (a = G&) and C (a 0), the corre- 
sponding radii of curvature are given by 

s)* | (u s—ik? rj)—s .. (11b) 
and pe = (u + ih s)* | (u L th +s+ ik? r,.)—s (llc) 


Radii of curvature for cams with flat followers : The 
flat-footed follower can be regarded as a roller 
follower with a radius s co. Substituting this value 
in eq. (lla) we have 


Pa (u 


p=u+ty (ib / w*). .- (FZ) 
Furthermore, pa = u - 1k? 1, a .. (12b) 
and Po = ut th—ik?r, .. -- (82e) 


For the circular-arc type cam, k = 1, and this gives 

pp =u+ir, and p,=u-+ ih—ir,. (12d) and (12e) 
In general, it is sufficient to determine the radius of 
curvature at points A and C. For round followers, the 
smallest negative radius (with hollow cams) is at A ; 
for flat-footed followers the smallest radius is at the cam 
tip C. In extreme cases, for small values of s and k and 
with round followers, the radius at C may be greater 
than at the neighbouring points, and a check is therefore 
required, for instance, at point B. 

The limit curves for the hollow cam (#k*r,; = u + s) 
are included in Fig. 4. Hollow cams should be avoided 
for manufacturing reasons. Ifa hollow cam is required, 
the smallest negative radius of curvature should be 
greater than the radius of the grinding wheel. The 
formula for hollow cams also indicates the possible 
improvements, viz., large radii for the base circle and 
follower, and a larger ratio of tappet motion to valve 
motion. 

When a flat follower is employed, the cam shape is 
slightly pointed and this results in very high pressures. 
The limiting value pe = 0 occurs when ik? r, 2 u + th. 
With round followers, poe — 0 is obtained when 
ik?r, > { (u + ih)?/s} + u + ih. It is also an ad- 
vantage, in this case, to provide large radii for the 
base circle and follower as well as a large tappet motion 
ratio (see Fig. 5). ‘ 

(To be ccntinued) 
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_ NEWS OF THE MONTH 





PERSONAL 


Mr. C. R. Ainley has been appointed development engineer for 
the Foster Switchgear Division of Crypton Equipment Ltd., 
a “yt 

. M. W. Barlow has joined Foundry Services Ltd., Long 
Acre, Nechells, Birmingham 7, as manager of their newly established 
ferro-alloy division. 

Vice-Admiral W. Y. La R. Beverley, C.B., C.B.E., Admiral 
Superintendent, H.M. Dockyard, Portsmouth, has been appointed 
Director of Dockyards, in succession to Admiral Sir Claud B. 
Barry, K.B.E., C S.O. The appointment will take effect in 
December. 

Mr. E. S. Booth, M.Eng., A.M.LE.E., A.M.I.Mech.E., has 
been appointed generation construction engineer of the British 
Electricity Authority. 

Mr. A. G. W. Cannon, A.M.I.P.E., has been appointed manager 
of the Birmingham Works of The British Thomson-Houston Co. 
Ltd. 

Captain G. P. Claridge, R.N. (retd.), has been appointed 
chief executive of the Council of British Manufacturers of Petroleum 
Equipment, 79 Buckingham Palace Road, London, S.W.1. 

Mr. Philip Cook and Mr. Frank Ridley have been elected to 
the Board of Duralum Castings Ltd., Longfield Road, Darlington. 
Mr. Cook has also been appointed general manager, and Mr. Ridley, 
secretary of the company as well as of the associated firm of John 
Vickers and Sons, Darlington. 

Mr. Ralph Credland, assistant managing director of the Widnes 
Foundry & Engineering Co. Ltd. for the past four years, has been 
appointed joint managing director of the company. Widnes Foundry 
is one of the Thos. W. Ward group of companies. 

Mr. C. H. Davey, M.I.Mech.E., has been appointed works 
director at the Renfrew and Dumbarton works of Babcock & Wilcox 
Ltd. Mr. I. M. Lyon, M.B.E., B.Sc., M.I.Mech.E. will continue 
in his present position as general manager of the Renfrew and 
Dumbarton works. Mr. T. B. Webb, B.Sc., A.M.I.Mech.E., 
has been ges chief research engineer. 

Mr. R. G. A. Dimmick, B.Sc., M.LE.E., A.M.I.Mech.E., 
A.M, LN.A., has been appointed manager of the industrial motor 
sales department of The British Thomson-Houston Co. Ltd., Rugby. 

Mr. R. A. Emerson has been appointed chief engineer of the 
Canadian Pacific Railway. 

Mr. G. H. Fletcher, M.I.Mech.E., M.ILE.E., has relinquished 
his position as general manager of the Attercliffe Common Works, 
Sheffield, of Metropolitan-Vickers Electrical Co. Ltd., but will 


remain in the Company’s service as consultant for the design of 


motors and generators for electric traction. He will also continue 
as a director of Metropolitan-Vickers Electrical Export Co. Ltd. 
Mr. R. P. Knight, A.M.LE.E., has been appointed manager of the 
Attercliffe Common Works. 

Mr. E. Garner, A.M.I.E.D., of Fairmead, Bolsterstone, 
Deepcar, Sheffield, and Mr. N. H. Macoun, A.M.LE.D., 12 
Westbury Court Road, Westbury-on-Trym, Bristol, have been 
appointed branch secretaries of The Institution of Engineering 
Draughtsmen and Designers for the Sheffield and Bristol areas, 
respectively. 

Mr. R. H. Gray, O.B.E., M.A., M.I.Mech.E., has been 
appointed deputy chief inspector in the Inspectorate of Fighting 
Vehicles, War Office, London, S.W.1. 

Mr. C. A. Hall, M.C., B.Sc., A.M.LE.=., has relinquished his 
position as manager of the B.T.H. industrial motor sales department 
and has joined the Secretariat of The British Electrical and Allied 
Manufacturers’ Association (BEAMA), Kingsway, London, W.C.2. 

Mr. A. H. Harle, B.Sc., A.M.I.E.E., has been appointed 
manager of the new sub-office of Metropolitan-Vickers Electrical 
Co. Ltd., which has been opened at 78-80 Hanover Street, Edin- 
burgh. Tel. Central 6784. 

Commander F. W. Hornsby, R.N., M.I.Mech.E., M.LE.D., 
A.M.LC.E., Past President of the Institution of Engineering 
Draughtsmen and Designers, has been appointed Director of 
Standardisation (Defence) by the Minister of Supply. 

Mr. D. P. Jeffrey has joined the Board of Leadbeater & Scott 
Ltd., National Steel Works, Sheffield, and has been elected chairman 
of the company. 

Mr. S. Kindler, A.M.I.San.E., has been appointed a director 
of Matthew Hall & Co. Ltd., 26-28 Dorset Square, London, N.W.1. 
Mr. A. C. McCarthy, A.M.1.San.E., has rejoined the Company. 

Mr. Alfred E. Knowers has been appointed director of sales, 
Europe, of the Gardner Machine Co., Beloit, Wisconsin, U.S.A. 
His headquarters will continue to be at Burton, Griffiths & Co. Ltd., 
Mackadown Lane, Marston Green, Birmingham, who are the sole 
selling agents in Great Britain. 

Mr. F. R. Mason, B.Sc.(Tech.), principal representative of 
the Metropolitan-Vickers Electrical Export Co. Ltd., Trafford Park, 
Manchester, has been elected a director of the company. 

Dr. Henry E. Merritt, M.B.E., D.Sc.(Eng.), chief research 
officer to the British Transport Commission, has been appointed 
chief administrative engineer for the Coventry factories of the 
Rootes Group of Companies, Devonshire House, Piccadilly, 
London, W.1. 

Mr. N. P. Newman has been elected chairman of the British 

Valve Manufacturers’ Association, 32 Victoria Street, London, 
S W.1, in succession to Mr. Bruce Ball. 
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Mr. R. F. Norris has been appointed general manager of 
D.M.M. (Machinery) Ltd., 119 Victoria Street, London, S.W.1. 

Mr. F. N. Owner, C.B.E., M.Sc., M.LMech.E., F.R.Ae.S., 
has joined the de Havilland Engine Co. Ltd., as deputy chief 
engineer. 

Mr. J. E. Owston has been appointed managing director of 
Cravens Railway Carriage and Wagon Co. Ltd., Darnall, Sheffield 9, 
in succession to Mr. A. E. Cook who has retired from that position, 
but retains his seat on the board. 

Dr. N. E. Rambush, D.Sc.(Hon.), M.I.Chem.E., vice- 
chairman and pong director of The Power-Gas Corporation 
Ltd., Stockton-on-Tees, has been elected chairman of the company, 
in ae to the retiring chairman, Mr. Wilfred Beswick. 

Mr. W. B. Robson, A.M.LE. E., has relinquished his position 
as head of the publicity and order departments of Brookhirst 
Switchgear Ltd., Chester, upon his appointment as general manager 
of Cantie Switches Ltd., Bromborough, Cheshire. 

Dr. E. C. Roliason, M.Sc., Ph.D., F.1.M., formerly a delegate 
director and research manager “of Murex Welding Processes Ltd., 
Waltham Cross, Herts, has taken up his appointment to the Henry 
Bell Wortley Chair of Metallurgy at Liverpool University on October 
Ist. Dr. W. I. Pumphrey, M.Sc., Ph.D., F.R.S.A., has been 
appointed research manager of Murex Welding Processes Ltd. 

Mr. C. T. Scarf has been appointed chief engineer of the 
industrial control department of the Metropolitan-Vickers Electrical 
Co. Ltd., Trafford Park, Manchester 17, in succession to Mr. G. L. 
Newman, who has been transferred to the staff of the chief electrical 
engineer, for special duties. Mr. G. D. Harradine, Assoc.1.E.E., 
has been appointed assistant sales manager of the industrial control 
department. 

Mr. R. Stevenson has been appointed manager of the Broms- 
grove Wagon Works of the London Midland Region, British 
Railways. 

Mr. L. B. Stone, A.M.IL.E.D., of Riversley, Cashes Green Road, 
Cainscross, Stroud, Gloucestershire, has been appointed Honorary 
Branch Secretary of the Institution of Engineering Draughtsmen and 
Designers, for the Gloucester Area. 

Sir Henry Tizard, G.C.B., F.R.S., F.R.Ae.S., F.Inst.P., 
Sir Rowland Smith, M.I.Mech.E., F.R.S.A., and Mr. J. F. 
Lockwood have been appointed by the President of the Board of 
Trade to be Members of the National Research Development 
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A NEW SWISS CALCULATING MACHINE 


Such problems as the follow- 
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Corporation. In addition, the Corporation now comprises Sir 
Percy H. Mills, K.B.E. (chairman), Lord Halsbury (managing 
director), Professor P. M. S. Blackett, F.R.S., M.A., Professor 
E. C. Dodds, M.V.O., F.R.S., D.Sc., F.R.LC., Sir John McL. 
Duncanson, Sir Edward H. Hodgson, K.B.E., C.B., Mr. 
W.E. P. Johnson and Sir Edward de Stein. 

r. H. C. Weingartner has been elected vice-president and 
general manager of the equipment division of the National Research 
Corporation, Cambridge, Massachusetts. 

Sir Cecil Weir, K.B.E., M.C., has joined the board of directors 
of The Pyrene Co. Ltd., Great West Road, Brentford, Middlesex. 

Mr. E. J. Wilson has been appointed manager of the London 
office of Richard Sutcliffe Ltd., at 235 Vauxhall Bridge Road, 
London, S.W.1. 

Mr. A. R. Wright has been elected a director of Lansing 
Bagnall Ltd., Kingsclere Road, Basingstoke. 





JAMES EDWARD MACLAREN 











We deeply regret to announce the death of James Edward 
MacLaren, managing director of B.S.A. Tools Ltd., Burton, 
Griffiths & Co. Ltd., Index Automatic Machine Co. Ltd., Leo C. 
Steinle Ltd., B.G. Machinery Ltd., Cardiff Foundry & Engineering 
Co. (1947) Ltd., director of B.S.A. Company Ltd., and member of 
the Board of Governors of The Birmingham Central Technical 
College. Mr. McLaren was Member of The Machine Tool Trades 
Association Council, the American Society of Mechanical Engineers, 
the Institution of Mechanical Engineers, the Institution of Produc- 
tion Engineers, the Institute of Welding, the Council of The Gauge 
and Tool Makers’ Association, and Chairman of the Birmingham 
Centre of the Institute of Industrial Administration. He will be 
> mgs by all who had the honour and privilege of working 
with him. 





DR. ANTON PHILIPS 











It is with great regret that we have to announce the death of 
Dr. Anton Frederik Philips, President of the board of directors of 
Philips Electrical Industries at Eindhoven, Holland, who died on 
October 7 at the age of 77. 

For 55 years he devoted all his energy and ability to the building 
up of the concern which was to earn world-wide reputation. 





S. C. LEONI 











We announce with deep regret the death of Mr. S. C. Leoni 
who was connected with The Driver-Harris Organisation for nearly 
20 years. He was director of both the Italian and French companies. 


Research Personnel Among Train Disaster Victims. 
It is with deep regret that we learn of the deaths of Mr. C. C. Howis 
and Mr. F. Walker in the recent train disaster at Weedon. 

Both men were engaged on important research work at the 
Kirkby Laboratories of British Insulated Callender’s Cables Ltd., 
Mr. Howis being the Company’s Chemical Research Laboratory 
Manager there and Mr. Walker a research metallurgist. 

BUSINESS NOTES 

Sunvic Controls Ltd., Sunvic House, 10 Essex Street, Strand, 
London, W.C.2, have concluded arrangements for the manufacture 
and sale of pneumatic process control instruments manufactured by 
Moore Products Co., Philadelphia, Pa., U.S.A. 

Londex Ltd., manufacturers of electrical remote control 
equipment, 207 Anerley Road, London, S.E.20, have acquired a 
new, third factory in Croydon, to meet increasing demand for their 
products. 

Proposed Professional Qualification in Management 
Accountancy. Members of the Institute of Cost and Works 
Accountants have before them a scheme to establish the Fellowship 
grade of the Institute as a qualification in Management Accountancy. 
This scheme, when approved, will provide a qualification of high 
standing that will benefit the accountancy profession as a whole and 
provide reliable evidence to industry of competence and experience 
in management accountancy. 

The Institute will thus award two grades of Membership, viz., 
the Associate Member, as at present, for a qualified cost accountant, 
and the Fellow Member for a qualified management accountant. 
Both grades of Membership, are, as in the past, open to members of 
other recognised professional accountancy bodies. 

The Third Mechanical Handling Exhibition and 
Convention to be organised in Great Britain are to be held at 
Olympia, London, from June 4 to 14, 1952. 

There will be nearly 200 exhibitors covering every type of 
mechanical aid—pallets, trucks, cranes, aerial ropeways, overhead 
conveyors, belt conveyors, elevators, wagon tipplers, winches, 
power units, chains, gears, controls and all other accessories. 

_ About 12 papers by leading specialists will be read during the 
Convention, and the Institution of Production Engineers is to have 
an all-day session on Saturday, June 7. The Convention programme 
will be available later. 

he Exhibition and Convention are organised by “‘ Mechanical 
Handling,” Dorset House, Stamford Street, S.E.1, with the support 
of the following associations : Aerial Ropeways Association, Associa- 
tion of Crane Makers, Foundry Trades Equipment and Supplies 
Association, Industrial Truck Manufacturers Association and the 
Mechanical Handling Engineers Association. 
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LATEST INDUSTRIAL LITERATURE 


1. Direct Reading Air Velocity Instruments. Illustrated 
16-page brochure describes air-speed measuring instruments which 
are regarded as essential equipment in most branches of engineering. 
They show whether a ventilation system, air conditioning plant or 
other device in which there is a stream of air is operating effectively 
and they make it possible to estimate the efficiency of their operation. 
Both the Orifice Pattern, designed for use in the open air or in airways 
and corridors, and the Tube Pattern, designed primarily for the 
measurement of velocity and air flow in small ducts or in inaccessible 
places where it is impracticable to place the instrument itself in the 
air stream, are described in some detail. 
he brochure also includes illustrated descriptions of the Air 

Flow Indicator, recommended for use on ventilating systems where 
the difference between static and atmospheric pressure does not 
exceed 10 inches water gauge, and of the Air Blast Indicator, designed 
primarily for the indication of air flow into blast furnaces. 
2. Electrodes, Plant and A ies for M l and Auto- 
matic Arc Welding. 40-page illustrated catalogue lists a wide 
range of electrodes, plant and accessories for automatic and manual 
arc welding. Descriptions include electrodes for welding mild 
steels, carbon steel pipes, molybdenum bearing pipes and for pressure 
vessels. The range includes electrodes for welding stainless steels 
and heat resisting steels, cast iron and manganese steels, and also 
electrodes for hard facing and wear resisting and non-ferrous types. 

Illustrations and notes are given of the newly designed range of 
single operator arc welding transformers, together with motor 
generator plant delivering direct current at the arc and diesel and 
petrol engine driven plant for site work. 

The brochure also includes details of the range of Unionmelt 
plant now available in Great Britain. 
3. Portable Power Shearing Machines. Illustrated publication 
contains specification of portable power shearing machines (pneu- 
matic or electric) which are capable of cutting operating time in 
shearing sheet metal by 50 per cent. 
4. Perspective Drawing Instruments. Profoundly illustrated 
brochure presents an account of the principles and construction of a 
new drawing instrument that enables accurate perspective views 
to be easily and quickly produced. The instrument employs the 
standard principles of perspective, but eliminates most of the 
tedious geometrical construction normally involved. The instru- 
ment saves considerable time, especially in view of the growing 
tendency in industry to employ perspective drawings for speeding 
the appreciation of ideas between members of the technical staff. 
5. Uses for Tufnol. 32-page booklet shows some of the many 
different applications of Tufnol, a non-metallic material with a 
valuable combination of chemical resisting, electrical insulating and 
mechanical properties. The booklet contains numerous photo- 
graphic illustrations which demonstrate how this material has 
solved various problems of design, production and maintenance. 
Applications illustrated and enumerated include examples in the 
following industries :—Agriculture, Aircraft, Automobile, 
Chemistry, General Engineering, Electricity, Electronics and 
Radio, Food and Drink, and Textiles. 
6. Solve Your Power Cut Problems. Illustrated leaflet describes 
a newly designed time switch which carries spring reserve power to 
maintain the clock during periods of shut down in the electric supply. 
Once fully wound the clock has a reserve of 8 hours guaranteed 
minimum. 
7. Portable Earth Analyser. [Illustrated leaflet features the 
latest model of portable earth analyser which incorporates many 
technical improvements. 
8. Labour Saving Handling Appliances. 36-page booklet, 
profoundly illustrated with good photographs and drawings, 
describes an excellent range of labour saving handling appliances. 
Latest developments in electric hoist design are featured and, in 
addition, many lifting and handling problems have been portrayed. 
Full specifications are given of a wide range of devices and appliances. 
9. Modern Pumping. An extremely well designed and illustrated 
24-page booklet presents, for the first time in combined form, 
comprehensive details of three patent designs of horizontal and 
vertical multi-purpose pumps for air and water extraction duties. 
Rotary vacuum pumps, Air and water extraction pumps and Air 
and Condensate extraction pumps are described and illustrated with 
specifications and other useful particulars. ; 
10. Rails and Rail Accessories. 22-page booklet just issued 
presents the dimensions, form and correct nomenclature of railway 
material used in }private railway sidings. The profoundly illus- 
trated brochure will prove of valuable assistance to all responsible 
for the maintenance of private railway sidings. 
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GAS TURBINE POWER STATION 

One of Britain’s first gas-turbine power stations is now being 
built in Hampshire by the Ministry of Supply’s National Gas 
Turbine Establishment. It is expected to be in operation by the end 
of next year. 

he 10,000 kW station will be primarily an experimental plant 
for the study of operating techniques. But it will generate power 
for the National Gas Turbine Establishment and, by means of a new 
system evolved by Ministry engineers, the waste heat given off by 
the plant will be used to heat the Establishment’s buildings. The 
station may also make a contribution to the National Grid. 

The gas-turbine plant operating the station will have two main 
sections. A low-pressure 2,800 r.p.m. engine will act as a 
“booster,” compressing air for the main high-pressure turbine 
which, turning at 3,000 r.p.m. will drive a current-generating 
alternator. Both will use kerosene or gas oil as fuel. 

The Ministry of Labour is already seeking, on behalf of the 
Ministry of Supply, an engineer who must be an expert both on 
gas turbines and power generating, to take charge. 


INCREASED PRODUCTION IS ONE OF THE KEYS TO 
OUR SECURITY 

In reply to the Toast of ‘‘ The English Speaking Peoples,” 
proposed by the President of the Institution of Production Engineers 
at their annual dinner on October 2, Major-General K. C. Appleyard, 
C.B.E., T.D., D.L., J.P., the Hon. W. R. Herod, Co-Ordinator, 
North Atlantic Treaty Defence Production, stressed that in- 
creased production is one of the keys to our security, both from the 
standpoint of strengthening our position against external military 
pressures, and likewise from the standpoint of offering the hope in 
peace of a greater availability of the good things of life. In both of 
these fields lies challenge, as well as great opportunity. Through 
expanding production lies the path, in a material sense, to increased 
strength and security, both against aggression from without and 
subversion within. And if along with this, we can steadfastly 
pursue high spiritual and moral objectives, the future should beckon 
with bright promise, in spite of present clouds.” 

Twelve Western nations, building upon foundations of mutual 
respect and common civilization, but above all, realizing their 
common danger, some two years ago linked themselves together 
defensively in the North Atlantic Treaty Organisation, otherwise 
known as NATO. Now association with of additional 
nations, namely, Greece and Turkey, is about to be invited. And the 
NATO nations as you are well aware, have now been forced to 
embark upon a programme of rearmament. Such rearmament 
efforts, it is hoped, can be internationally correlated among the 
NATO nations in such fashion as both to strengthen them 
individually, and, through mutual reaction, contribute to an even 
more greatly increased common strength. 

But, fundamentally, individual and collective NATO strength 
must lie in : 

First :—The conviction that our case is just. This is basic. And it 
certainly is true. 

Secondly :—The resolution and determination of the various 
NATO peoples. This means willingness to sacrifice, and, if 
need be, to fight in defence of those things which they hold 


dear, and 

Thirdly :—There must be hope and faith; one, that war is not 
inevitable and that a respectable peace can be preserved ; 
two, that a greater measure of spiritual, intellectual and 
material satisfaction from life can be expected in the future ; 
and three, that if peace should for any reason be lost, the 
NATO West would have sufficient potential strength to 
successfully meet the challenge and win through. And in 
connection with this latter, NATO peoples must have con- 
fidence in their material strength, militarily and economically, 
as compared to potential aggressors. 

In my cpinion, for the Western world in general, and the NATO 
nations in particular, these fundamental factors can be developed 
and maintained. 

_ _ In appraising the material side of this problem, where production 

is important, it is interesting to note a comparison of certain of the 

resources of the Soviet and its European satellites, with those of 
the present twelve NATO countries. For example : 

(a) The population of the twelve NATO countries is approximately 
340 million, compared to probably not quite 300 million for the 
U.S.S.R. and its European satellites. China, whose manpower 
is enormous, is omitted here because its strength in other fields is 
doubtful. 

(b) In national income, the aggregate of the NATO nations is some 

_ 3 to 4 times that of the Kremlin-dominated areas. 

(c) NATO countries have perhaps 4 to 5 times the amount of steel 
production. 

(d) Roughly comparable ratios, i.e. 4 or 5 to 1, would appear to 

apply in the case of electric power availability. 

In total energy used for productive purposes—i.e. taking all 

energy, electrical, mechanical, animate and inanimate—the 

aggregate in 1948 for the twelve countries presently in NATO 
has been estimated as over 3 times the corresponding aggregate 
for the Soviet Union and its present European satellites. 

In skilled labour force, and in the heritage of technology, the 

ATO countries greatly exceed the entire communistic group of 
nations. 

Accordingly, the aggregate material potentialities are predominately 

in favour of the NATO countries. Furthermore, whereas the 

Soviet with its European satellites on the one hand, and China on the 

ther, has the great strategic advantage of central location and 

continuity of area, the NATO countries would appear to be more 
tavoured, at least at present, with respect to access to the resources 
of other areas not so directly involved, for example, in western 

Surope, in Africa, in South America, in Australasia, and even in 

ome portions of Asia. 


o 
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But in this appraisal, one must not overlook what appears to be a 
tremendous increase in industrial production in the U.S.S.R. 
Statistics are, of course, always open to question, and particularly 
so in connection with the U.S.S.R., where confirmatory visual 
evidence is lacking. But if the figures stated by the United Nations 
in its ‘* Economic Survey of Europe in 1950” are taken as repre- 
sentative, it would appear that the Soviet Union increased its 
industrial production in 1950 as compared to 1949 by some 23"%,, 
and reached a level some 73°, higher than in 1940. It is interesting 
to note in this U.N. publication certain reported 1950 production 
figures, or estimates derived from relating indices to previously 
available data for the U.S.S.R., which appear to be particularly 
significant. For example : 

(a) 27.3 million tons of crude steel, reported as being produced in 
the U.S.S.R. in 1950, i.e. 4 million tons more than in 1949, and 
almost 10 million more than in 1937. ry 

(b) 260 million tons of coal and lignite, some 26 million tons 
increase over 1949, and over double the 1937 total of 128 million 


tons. 

(c) 90 billion Kilowatt hours of electric energy, an increase of 12 
billion as compared to 1949 and 24 times the figure for 1937. 

(d) 37.8 million tons of crude petroleum, 4 million over 1949, and 
approximately one-third greater than in 1937. 

(e) 10.2 million tons of cement, over 2 million tons more than in 
1949, and almost double that of 1937. : 
Furthermore, if figures such as mentioned above are indicative 

of merely orders of magnitude or trends, the U.S.S.R. today would 

appear in many ways to have far greater material resources to call 
upon than had Germany at the outbreak of World War II. In 
steel, electric power and oil production, and in total population, the 

U. R. would appear to have reached in 1950 higher levels than 

had Germany in 1939. And whereas the weight of Russia’s back- 

wardness may still press down the averages expressed on a per- 
capita basis, we must not be deluded into thinking that with the 
material and manpower resources at her command, with the ruthless 
power of the central government to direct the devotion of these 
resources to its purpose if it so desires, and with the ability to call 
upon the services, voluntary or involuntary, of its own scientists and 
technologists and those of Eastern Germany and Czechoslovakia 
who are now behind the iron curtain, we can sit back and be com- 
placent, or feel that through planning to assume certain added 
burdens we have already rectified the balance and tilted the scales 
definitely in our favour. The West in general, and the NATO 
countries in particular, have a high ceiling of potentialities, much 
higher than the Soviets and their satellites. And we can increase the 
dynamic elements of our economies, and continue to press forward 
if we try hard enough. But such will not just happen at a sufficiently 
rapid rate. Such requires the application of brains, enterprise 
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courage, hard work and purposeful intent. How to do this 
fees ae pl to maintain a continuing socially and economically 

alanced increase of production at a competitive rate, both for its 
advantages in defence, and likewise because of the hope which it 
offers for greater satisfactions from life in the pursuit of peace :— 
that is the great opportunity which production engineers such as you 
have before you. 

The toast of “‘ The Guests ”’ was proposed by Mr. Harold Burke, 
Vice-Chairman of Council of the Institution of Production Engineers, 
and Managing Director, Concentric Engineering Co., Birmingham, 
and responded to by Sir Cecil Weir, K.B.E., M. C, D.L., lately 
Chairman of the Dollar Exports Board, and now Managing Director, 
British Machine Tool Co. Ltd., London. 


BRITISH STANDARDS 


(Copies of British Standards may be obtained from the British 
Standards Institution, 24, Victoria Street, London, S.W.1.) 


Unified precision hexagon bolts, screws, nuts (UNC and 
UNF eens and plain washers—normal series and Unified 
black hexagon bolts, screws and nuts and plain washers— 
heavy series. (B.S. 1768 : 1951 and B.S. 1769 : 1951). At an 
important conference between delegates from the United Kingdom, 
Canada and the United States, held at the end of April, agreement 
was reached on the basic dimensions of hexagon bolts, screws and 
nuts, and overell limits were established for Normal and Heavy 
series, based on existing American standards. 

Apart from the military significance of this development, it 
will lead to interchangeability of many products in a wide range of 
engineering industries. Unofficial announcements from the motor 
industry on both sides of the Atlantic indicate that they intend to 
adopt the Unified standard for their civilian as well as their armament 
production. 

B.S. 1768 relates to the Normal series of Unified precision 
hexagon bolts, screws and nuts having Unified screw threads in a 
range of nominal sizes from j in. to 1 in. inclusive. The tolerances 
prescribed are those appropriate to engineering work where a good 
standard of dimensional accuracy and performance is necessary. 
Dimensions and general requirements are given for hexagon bolts 
and screws and ordinary nuts, lock nuts, slotted nuts and thick 
slotted nuts. Dimensions of plain washers are also included. 
Formulae for the calculation of dimensions for bolt and screw heads 
and nuts in intermediate sizes larger than 1 in. are given in an 
appendix and among other information given are items relating to the 
mechanical properties of finished steel e exagon head precision bolts 
and screws, and hexagon nuts, and to the standard sizes of bolts 
which are most likely to be stocked by manufacturers when the 
standard comes into general use. 

B.S. 1759 relates to the Heavy series of Unified hexagon bolts, 
screws and nuts in a range of nominal sizes from 1 in. to 2 in. 
inclusive. The hexagon sizes in this series are larger in proportion 
to the nominal diameter of thread than those in the Normal series 
and it is hoped that this standard may go far to meet the needs of 
those who have felt the lack of the large Whitworth hexagon, the 
standards for which were withdrawn some years ago. Dimensions 
and general requirements are given for bolts, screws, ordinary nuts, 
lock nuts and slotted nuts, and dimensions of plain washers are also 
included. The tolerances are somewhat wider than those for the 
Normal series, but it is recognized that bolts and nuts of the Heavy 
dimensions may be required with a higher grade of finish for certain 
applications. Requirements are accordingly included in respect of 
bolts faced under the head and machined on the shank and machined 
nuts. Formulae for the calculation of dimensions for bolt and screw 
heads and nuts in intermediate sizes larger than 2 in. are given in an 
appendix. Price 3/- and 2/6 each respectively. 


Bronze Welding by Gas. (B.S. 1724 : 1951) gives not only 
the requirements applicable to the process generally but also indi- 
vidual requirements in respect of various applications. 

Under general requirements are included a description of the 
parent metals to which the process can be applied, specifications for 
filler metals and a system of testing procedure. 

The application of the process to specific parent metals, namely, 
copper, mild steel, galvanized mild steel, cast iron, malleable iron 
and dissimilar metals is dealt with in individual sections, particular 
attention being given to the details of the joints. 

Included as an appendix is a useful set of photographs illustrating 
—— oxidizing and carburizing oxy-acetylene welding flames. 

rice 3/6. 


Single Bucket Excavators of the Crawler-mounted, 
Friction-driven Type. (B.S. 1761 : 1951), deals with crawler- 
mounted, friction-driven single bucket excavators covering face 
shovels, drag lines, drag shovels, skimmers, grabbing cranes, cranes 
and pile drivers, the shovel or bucket capacity ratings being from 
} to 24 cubic yards. 

The seven types of excavators covered by the standard are 
illustrated and defined, and definitions of a number of the terms 
used in connection with these machines are also included. Price 6/-. 


Sheet Metal Cylindrical Flue Pipes, Fittings and Acces- 
sories for Gas Fired Appliances. (B.S. 715 : 1951), applies 
to pipes and fittings having welded or folded seams and finished after 
fabrication by vitreous enamelling, electro-deposition, galvanizing, 
galvanizing and painting, or any other suitable corrosion-resisting 
and heat-resisting finishes. It includes tables of dimensions of 
various pipes, bends, joints and connecting pieces, and appendices 
on test for quality of painted coatings, method of cutting vitreous 
enamelled flue pipe, and typical methods of assembly. Price 4/- 
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Engine-Driven D.C. Generators for Aircraft. (B.S. 
G.134 : 1951) wae to generators of continuous rating up to 
50 kW. for aircraft D.C. power supply and suitable for engine 
drive. The generators covered by the standard are of the pipe 
ventilated type, taking air, for example, from the aircraft slipstream, 
and they are suitable for use either :—(a) up to such altitude as is 
declared by the manufacturer or, (b) up to 20,000 ft. Price 2/-. 


Wrought Aluminium and Aluminium Alloy Forgings 
Gachaiian hot PB-8, a hot stampings, drop stampings and 
drop forgings) (B.S. 1472 : 1951) and Wrought —_ nium 
and Aluminium Alloy Plate. (B.S. 1477 : 1951). The 
forgings standard includes seven alloys and provides saan for the 
forgings themselves and for the bar material for forgings. In 
addition to the requirements in regard to mechanical properties an 
appendix gives notes for design purposes on the properties that may 
be expected from test pieces cut from forgings up to approximately 
4 in. in diameter. 
os The plate standard covers three purities of aluminium and six 

loys. 

Both specifications include clauses on mechanical composition, 
condition and mechanical properties as well as general clauses 
covering freedom from defects, tolerances, provision of test pieces 
and mechanical tests, and an Appendix on heat treatment. Price 
4/- and 5/- each respectively. 





Classified Advertisements. 


The rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box number advertisements 
ls. extra. Instructions together with remittance must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 





WORK WANTED 


DRAWING OFFICE has capacity available for the design and/or 
detailing of jigs, fixtures, press tools, gauges, etc. Reasonable rates, 
prompt delivery.—Premier Tool & Drafting Co., 63, Pershore 
Street, Birmingham 5. ’Phone: Midland 0232. 


MACHINERY, ETC., FOR SALE 


FULL STEAM IN FIVE MINUTES with B & A Electrode 
Boilers, used by British industries for 20 years. No boilerhouse, 
no flue, no attendant needed. The most compact and convenient 
steam raisers available, can go beside machines using the steam. 
Write for leaflet 127, Bastian and Allen Ltd., Ferndale Terrace, 
Harrow, Middlesex. 


RECONDITIONED EX-ARMY HUTS, and _ manufactured 
buildings. Timber, Asbestos, Nissen Type, Hall Type, etc. All 
sizes and prices. Write, call, or telephone, Universal Supplies 
(Belvedere) Ltd., Dept. 50, Crabtree Manorway, Belvedere, 
Kent. Tel.: ERITH 2948. 


STOP THAT VIBRATION with “ Muffelite” equipment. 
No problem too difficul:: low-speed machinery or power hammers. 
No machine too small, none too large. Protects precision testing- 
plant; insulates buildings against all vibration, from generators to 
printing presses. Write for list 109, Cementation (Muffelite) 
Ltd., 39 Victoria Street, S.W.1. Abbey 5726. 


WATER TUBE BOILERS. Four unused Schmidt-Hartmann 
Boilers, each 6000 lb./hr., 270 p.s.i. pressure, 680 deg. F., hand- 
fired, self-contained, incl. superheater economiser, induced draught 
fan, all fittings. Very reasonable price. Winnemont Ss 
Partners, Ltd., 120, Wigmore Street, London, W.1. Tel. 
Welbeck 6263. 


WANTED 


WANTED—ONE COPY of “THE ENGINEERS’ DIGEST” 
for January, 1949. Notify Research Dept., Cincinnati Milling 
Machine Co., Cincinnati 9, Ohio, U.S.A. 


MISCELLANEOUS 


TRANSLATIONS (Technical, Commercial), all languages. 
Abstracts also supplied. Olympia Translation Service, 149 
Blythe Road, London, W.14. RIVerside 5135. 


CAPACITY AVAILABLE FOR MEDIUM HEAVY, general 
engineering subcontract work, including machining and assembly. 
Box. No. B.M 


MASSEELEY STAMPING MACHINES rebuilt & guaranteed 
by Hill Bros. Ltd., Acton Works, Beaconsfield Rd., London, W.4. 
Also Types, Dies, Foil, Transfer Film, Acetates, Cardboard, 
Gummed Papers, Guillotines, etc., all at bargain prices. Ring 
CHIswick 2235. 


THE ENGINEERS’ DIGEST 









































